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abstract

: Q>’The purpose of this thesis is to introduce the Civil
Engineering manager tc thelThepry of Constzaints ranagement
philosophy and to show how to apply this process of ongoing
improvement to the Operations Branch.

Oné of the reasons for the success of Theory of
Constraints in commercial £izms is that it provides all
;evels of management the abillty'to find simple solutions"
for bridging ti.e gap between local and global issues. This
'‘bridge' is built by clgarly defining the gval of the
organization andvusing performance measuzementé capable of
predicting the effect cf local Jdeclislions and actions on the
goal.

Using the mission statement from Civil Eagineering
Doctrine and policy stafements from The Civil Engineer, »
gval 1s hypothesized for the daily péacetime‘efforts of a
base leve; Base Civil Engineering Operatioﬁs Branch. . The
goal Ls stated in such a way as to hake measurement towérds
"~ the géal possible. Performance measurements are ﬁostglated
using the ‘four service; provided to hase organizations:
oﬁeratiogs (utilities), 50b orders, recut:iﬁg maintenance of
Sase facilities, and wozk orders.

This thesis also shows that by managing all shops to

their maximum efficienéy, the maximum potential dutpuf of

the organization cannot be realized. o
¥ <
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APPLYING THE THEORY OF CONSTRAINTS

0 A
BASE CIVIL ENGINEERING OPERATIONS BRANCH

The peacetime puzbose of Air Fc-ce Civil Engineering

managers is embodied in their missicn statsment:
| Prepare, sustain, and recover bases as piatfozms

for (he pzcjiection of aerospace .power across the

operational continuum. (1:7)
stnce'thelmissioh statement is designed to encompass all
Civil Enginee;inq (CE) taikings und.” & multitude of ‘
scenarios, furthe: analysis is needed to determine the cday-
#o-day purpoie'oilbase level CE manﬁge:s. ' The ?tatement.can
be broken dpwn into two scenagios: wartime and':gacatlme.

fhe'wa:time mission lncludes ptepgting a base fq:
attack} suséaininq du:inq wiztlme ope:atlohs, and recovering
‘a base.afteg attack. The preparation of bases {in wartime
consists m&tnly of cdqstzuc;tnq temporary facillitlies for

- personnel 1l1iving and working on the base. The temporary

Eacllltles'are nqrmally replaced wltﬁ more permanent
facilities as time p;zmits.‘ISugtaininq a base consists of
those opetgtlons and maintenance actions regiir d.by the'
£ac111t1es.7.7he ze:q?e;ylpazt-of the mission plays a-majo¥.

'pattplh continuing base operations after ah anemy attack.




These taskings 1h a peacetime environment are similar.

Preparipg a base in peacetime is more a function of
congressional approval and funding than the actual
construction of the facilities. P acetime recovery
activities are normal;y limited to training exercises and
natural disaster relief projects. The tasking of sustaining
a base however, is very much the same as the wartime
mission. Modifications to facllities are required
periodically to meet the chanélnq requirements of the base
mission and mission support organizations and existing
facillties still require periodic maintenance aﬁd repalir.
When analyzing‘the CE mission statement,'it is unlikely
that "preparing” or "recovering®” bases will have much to do‘
vwith dally peacetime operations. Major preparations for a
, hew base are approved and appropriated Sy Caniéss, well
separated from the dally operatlons.éf,most base level CE
managers. Though recovering bases during peacetime may‘be
required due to a natu:él disaster, lt'is‘nof.a daily"
concern of a Sase level CE manaéer._ Thé purposé of'dally
peacétimé opetatlons therefoze, focuses primarily on
"sustaining” bases. The scope of which includes
reéponslbiiity for operating utility plants; maintaining and
repalring utility distributlon systems, pavements, and
structures; providing new construction; and meeting the

‘changing :equliements of base organlzatloné.



There are other tasks required to sustain bases for

‘continued operations in addition to those required tc

., maintain the status quo. Base organizations periodically

require facility and utility upgrades due to ‘technological
advances and must bé supported by CE in order ﬁo sthain the
bases' mission support reduizehents. This perpetuél change
of requlzemehts combineﬁ vith.the mission statement of CE
pzovides a mére specific purpose for daily CE operations--to
continually sustain base ozqanlzatloﬁs and their changing
requirements. These'requirementg'include the daily needs of

electricity, t:anspoztétldn, and work place necessitles.

The Operations Branch in most CE organizations
generally has a large backlog of work orders (WO) and Job
orders (JO). Programs such as the Self Help program and the

Simplified Acquisition of Base Engineering Resources (SABER)

attest to the fact that CE ls experiencing difficulty in
,accompllﬁhinqlits mission-at the rate {t is being

"identiflied. Though it seems apparent there is a lack of

resources to accomplish the present amount of woxk,
resources are being cut Edther to reduce CE operating

expenses,

On 4 Pebruary 91, Secrgtaty of the Alr Force Donald B,

'Rlce announced management and personnel cuts'throuqhout‘the
Air Fo:ce.' 'BCE ozganlzatlons will lose 6 900 "pzedcmlnately

- mlllta:y" posltlons 'by zeduclnq manaqement layezs,




reorienting base civil engineering squadron (sicl] towards

product/task accomplishment and concentrating military
personnel in commands with wartime requirements” (2?7). In ‘
spite of the DOD's decreasing annual budgets and imminent
manning -~sductions, the Air Force CE community lsbexpected
to continue to "maintain and operate an aging
infrastructure™ (3:1). Justifiably, CE ls concerned about
how 1t will maintain the current level of mission support
with less money and manpower. One way to meet this
challengje is to increase the productivity of CE's remaining
work force. |

Traditional methods of increasing productivity are
normally related to an expenditure of money (e.q. purchase
of computers or equipment). Additioral money wlil be in
short Supply so future ptoductiviyy increases will require

innovative and i{nexpensive non-traditional methods.

'Rossible Solution

'h recent nbntzadit#onal‘managepent philosophy gaining
',populazyty becauselof lfs syccess among a.numbez of leadlhg
commercial firms (4:15) 1s the Theory of Constralnts (TOC).
This new management philosophy proviues a systematic
;ppzoachvto finding the key operation within an organization
on which to apply Total Quality Management effori~. This
operation is the bottleneck of the organization, 6zlthc
cdns::aint. The concept of a constraint 1s defined as

"anything that limits the system from achleving:hlqher



performance versus its goal™ (5:9). The TOC, formulated by

Dr. Eliyahu M.'Goldzatt, maintains that a small number of
constraints govern the performance of an organization and
that relleving these constraints will improve the overall
pewfozmance'of the 6zganization (6:146).

One of the reasons for the success of TOC is that it
provides all levels of management the ability to provide
efféctive, simple solutions fcapablé of bridging the gap
between a local action and its global impact®™ (7:14-15).
This bLridge is built by clearlyidefining tﬁe.goal of the
organization and using performance measurements capable o:x

predicting the effect of local decisions on the goal.

Reseaxch Objective -

_ Thé purpose of this research is to Qeflne the concepts
and techniques of TOC in CE té;mlnology'and processes in
order to show the applicabllity of using Fhls new management
philosophy wléhln':he CE Opergtidﬂs Bzanch; This thesis
applles Toc‘to a generic Obe:a;ion; Bianch and leads the
reader through the foglc of managing the orqanlzatibp using
TOC. It also shows how;,by mahaglng all skhops to thelr |
maximum efficlency, thg.maximum poéentlaljoutput of.the
.organization cannot be realized. |
| Though TOC can be applied to the BCT organization as a
whole, or at the oth;: extreme, a shop or jdb center
, lndivlduaily,‘thls :ésegzch'yotk foc1ses on the dally

‘ peacetima m1ss1on of the Operations B:anch;




I1I. The C | mummnnnmugmuxmm

The information in this éhapter 1s a review of the work
order (WO) and job order (JO) programs, the processes
involved in each ptogram, the tasks required in each process
before the WO/JO can move on to the next process, and the
scheduling environment. Though most Civil Engineering (CE)
personnel are familiar with this information, it is provided
for those who hay not be fam:llar with the work programs in
CE 6perations.

Work Order/Job Orxder Program

The Customer Service Unit 13 the single point within CE
to recel?e, review, précess, and control the flow of
requests for work (8:15). Work requests are, processed as a
WO 1f detailed plannlng, real proparty capitalization, or
reimbursement collection is requ;red; Most other rquests
are processed by the lepllfled procedures of a Jo. Though
‘the specific pzoceéslnq of‘vozk may vary from base to baﬁe,
the qenétal principles aré the~same and are descrrbe¢vlh
'more detall below. | | |

1£ the customers’ teguest is classifled as a ﬁo, it
follows the sequencing deplicted in Figure 1. The Planning
Section pzovldes.a'iough estimate of total manhours and
dollars required to'compiete the'work.' After the WO |s
approved, it 1s held Iln the Production Control Center until

adeqdate,manhouzs-foz 1n901ved shops are avallable,. The WO



‘then goes back tc the Planning Section for detailed planning
and creation of a Bill of Materials. Once the WO is
planned, it is sent back to the Production cOntrol Center
and held until.money‘is available to fully fund the Bill of
ﬁaterials. ‘Next, the WO is seﬁt to Material Control for
ordering'of materials. Once all materials are'received'in
Material Control, the WO 1s sent to Scheduling for inclusion

in the monthly and'weekly shop 3schedules. From this point

te completion, the shops coordinate complementary actlions in’

order to domplete the work.

Custoher

Service +————PiPlanning
Unit '|

oA
Production

Control
Center

Customers'
Request

T

3

Material
Control

Scheduling
h 4
CE Shops

Flgure 1. Typical Work Order Processing




Though JO processing is similar to that of Wo's,hit is
simpl:r and normally quicker. Figure 2 illustrates a
typical JO sequence. The Customer Service Unit initially
determines if materials are available for a routine ox
u:gent JO. If materlals are avallable, or are not required,
lthe JO is blaced in a job hopper for weekly scheduling. If

materials are required put not available, the JO is sent to

Customers' Customer
Request P{Service
Unit

‘ YES

Planning

v

Production
Control.
Center

Materlal y '

Control — Scheduling

. {Hopper
CE Shops

Figure 2. Typlcal Job Order Processing




Planning for a manhour estimaté and a Bill of Materials.
When the JO is planning complete the JO is sent to the
Production Control Center and held until money is available
£6; purchase of the matérials; Materlal cOhtrol then
receives the JO for matétial acquisition and returns it to
the Customer Sezv;ce Unit when thg Bill of Materials is
complete. The Customer Service Unit' then places the
material complete JO in the séheduling hppper'for weekly
scheduling. Emergency Jo}s afe.normally sent directly to
the shpp for immediate éttention and materlals are expedited

by the shop.

Scheduling Environment

When preparing monthly schedules £6r the shops in the
Operations Branch, the Schedulet first establishes the total
number of direct manhourslexpected to be available for each
shop during the sched :ling month. The ekpected number of
manhours neededlfor emergency; uzéent, and routine JO's'is
'establlghed fzom'an,aVerAge pf actual manhours expended
' during past scheduling months. Recﬁzringwwork program (RWP)
manhours are detetmlqed by.the‘work Information Hanégement
. System RWP program and the Prime BEEF office estaﬁlishe§ the
number of tralning manhouzﬁ required Eét'each shop. All the
‘various manhour estimates are input into the 1n~sézv1ce;work
plan (IWP) along Qith the éstimated number of avallable

direct mahhquzs.,VSee Figure 3.




o~

WO's are scheduled only after the other requirements are

met. The scheduler must balance the number of manhours

Hours Hours
. _Scheduled Avallabl
Available Direct ' 6,261
Emergency Job Orders ' 1,158 5,111
Urgent Job Orders 2,049 3,862
Routine Job Orders 1,496 1,566
Recurring Werk Program 135 1,431
Prime BEEF 640 791 o
Work Orders ' 791 . === (100%
------ ‘ Scheduled)
Work Orders 179 _ 1,252 (88% .
Scheduled)

Figure 3. Typlical Simplified In-Service Work £lan
for a Shop ,
aﬁaflable, for material complete WO's to be scheduled in one
shop, with manhouz; available in all other shops that are
involved in that WO and ensure the manhours scheduled for
each shop do‘not'eXCeed the manhours avaiiablg. The
scheduler 1s evaluated on how efficientiy the shops are
:scheduled; This puts pressure on‘the séhedulef to schedule
each shop for as many hours as possible and therefore has
Isigniflcant.;ﬁpact Qn'shop efficiencles. For example;'the
scheduler wouldn't want to schedule a shop for.onlf 80
percent of its avallable direct hours if a material complete
WO was available for scheduling. They try to schedule all

" shops at 100 percent of avallable direct hours.
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III. An_lnt;9ﬂns;i9n_;9_Ihe9zx_Qi_sgnatzainta_sgncent:

. Though the Theory of Constraints (TOC) literatnre'is

primarily directed at production-oriented businesses, the

_definitione and techniques used are general enough to apply

'te all types of organizations including non-profit, service
organizations.

In Velume 1 of The Theory of Constrajints Jouzrpnal, Dr.
Goldratt thoroughiy explains how differences between a lotal
department s objectives and global objectives of top
management cause distortions in the information passed
between them (9:9). TOC eliminates these distortions by
'chusine local decisions and actions so they can contribute
positively to the global objective of the orgenization. The
Eecus is provided@ by establishing the gioballobjective and
identifying the operation limiting the attainment of the
objectiye——the goal and the etganizatlon's constraint:

‘ This chapter defines TOC concepts and describes the
tninking processes and techniques of the TOC paradigm.
Definitions

When trying to explain new. ideas and concepts, a list
o£ basice detinltions is useful. It provides a common base
from which to build upon and develop more complex concepts.
. The definitions listed below are basic to-unde:standlng the
principles and thinking processes of focland most.are'

 further defiried in later sections. The primary sources for

11




§

the followiﬁg definitions are The Goal--A Process of Ongoing
Improvement and The Rice (18, 6). .

E;gﬁgg;. In a production organization, there is a
series of steps in the production sequence where something

is performed on the product. Each individual step is

considered a process,

System. A system is a series of processes. ' It can

also be' used synonymously with an organization where each

department, or branch is a process. _

Qgpgndgn;_n:ggggg. A sltuation where one process
canhot start work on a product unfll the praceding process
has finished its work on that product.

cgq:;xainn. Thatiprocess with the longest process time
in a system where dependent processecs exlSt.

Throuahput. The rate at which the system genezafes
money throuéh sales,

Inventory. The money invested by the system in order

- to turn inputs into outputs.

Qperating Expense. All the money the system spends to

convert inventory into throughput.
The Paradigm
The paradigm inherent within TOC consists nf

principles, techniques, and thinking processes serving two

.purposes:

1. To convince an individual that intuitlon

(experience dealing with the system) can identify the real

12
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problem and pt&vide a general solution to the system's
problem.

| 2. To provoke and to focus the ménager's ability
to verbalize lntﬁitlon into effect;ve,.practicai piocedures
(11:79-81). | |

To undgrstand the impact of this paradigm, the separate
elements of TOC and the relatlionships between them need to
‘be discuséedlin detail. The goal'aqd measurement towards
the goal need to be understood in terms of the performance
measurements--throughput, inventory,‘and opezating,expensé.
In addition, the constraint should be viewed In terms of its
effect on the ozgaﬁization, and the effect of statistical
fluctuations on tﬂe constraint. ' Finally the process of
ongéing improvement shbuld.be understood in terms of the
five steps of improvement znd the érocess of change.

The Goal. The first step of the paradigm is to define .

the system's goal. Since no organization was established

jugt for the,gake of existénce, it must have a purpose~~-the
goal (11:4). TOC places great 1mportance'on defining the

system'’s goal bécause~1t is.the cornerstone against which

the effectiVeness of every action or decision must

judged. 1In other words, 1£f the result of a loéal decision
does not'lmprove the system's performance towards *“he Qoal

it is a bad decision. ' Since the concern of ﬁanagems“t is

improving performance, the requirement of def;ning the goal

hecomes-dpvious.

13




Performance Measuyrements. Performance measurements
must be present to bridge the. gap between a local decision's
impact and the system's goal. 1t is not enough that
measurements are available to judge fhe attainmment of the
qoai after the decision is made, they must be able to direct
decisions and actions towardé attainment of the goal (5:13).
For exaﬁple, net profit is a gqod mezsare of an
organization's performance towards the goal of making money.
But how would a branch level manager know if the purchase of
la new machine for the branéh will increase the:organizations
net profit 1f the énly source of 1nformat;on 1s last month's
profit statement?

TOC pzoposeé three measurements that meet the criteria
of briéginé the gap and directing decisibns. They are
throughput, inventory, and operating expense. These
important terms are further defined below.

| Throughput. The above definition applies to a
for-profit organizétion where the goal is to ﬁake‘more money
- oW andlin the future. A more generic definition that
applies to any ozganlzafion ls; the rate at which a sysfem
génerates oufput relative to its goal.

A fuithe: refinement of the meaning of throughput - .
explains why specific Qotds are'used in the definitlon.
Since the definitions are meant to be qenetic‘ln naﬁure,
'system' {s used to entail any kind oflqroup from a multi-

mlllion dollar organization to a Boy séout Troop. Any type
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of system, as long as it has a goal produces some type of

“output. ,The amount of output méans véry little unless a
time frame is 3peéified in which the output is g=2nerated.
This ‘output per time’ zelatipnship naturally leads to a
rate of output. Whether a syStem's.output is dollars per
month or miles per hour, both cah bé considered a system's
throughput. - .

lnventory. -Anything a system phzchases with the
intent to'sell SOmgtlme in thg future 15 considered
”invehtoiy. It is‘ﬂotlllmited,to Just materials but includes
capital investments like.machines and buildings.

Qpnerating Expense. ﬁohey spent 6n tuining
iﬁventozy into throughput. Notice the u;é of the word

'spent’ when defining opezatidg expense versus 'invested'

when definlnq lnveﬁtb:y Expendltu’es for operating expense

include direct laboz, salazies for secretaties and

executlves, depreciation, and any other expense required by

the system to allow it to turn inventory into throughput.
2ng_gnn;;z;LnL when tzylnq to understand the concept

of a constraint, Dr. Goldratt uses the analoqy of links in a-

v chéln to processes ln Q'systeh.l The st:ength of a chaln is
only as strong. as the weakest link. rhete£01e,vthe
analogous,questlon is how strong, or productive s the
system? To determine the answer you need to-flndlthé
slowest or most overloaded process, thevweakest link. This
prncess 1s the coﬁst:ainé of the sttem.? If'the phtpuf'of

N\
\
N
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this process is improved, the output of the whole system

will improve.

Figure 4. A Chain

A system constraint ls Eufihet classified by *'where' or
'what' produces the constraint. A 'market constraint' is
present when the system's output is limited only by éhe
market's capability to'absorb the system'b oufput. Iq this
case the constralnt s outside of the system and throughput
can be increased only by increasing the market share.

The worst posslble’constzalnt is the 'vendor
constraint.' This is a case where an input ma;erial is
constantly in short supply th:odghout the matketplace.andf
the system cannot get'enough of_the'naterial to supply :he
m;tkét potentlal., This 1s the vofst type of constz;lnt'
because the limiting factor of a syﬁtems output is not under
the manager's control. - _

A 'resource constraint’ occurs in a systém when the

ptoducthe capaclty of the,system ls less than what the
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market can absorb. In thls case the process limiting the

system's productive capacity is a resource constraint.

The last type of constraint is the 'policy constraint.'
This constrﬁint is the easiest type to ellmihate. A policy
constraint is present when policy alone limits the amount of
output from a system. Simply by changing the policy an
immediate improvement in production, or inczg;Sed output \is
witnesaed. |

Managers should focus on the constraint when tryinq.to
control a system's performance. The'ptocessing race of the
qonstiaint controls the rate of output of the systeﬁ. " Does
this mean that if the constraint is not producing, the
system 1s not producing? 'Acco:ding to Goldratt, the answer
"1s'ygs. In addltion, the cost of the conétzalnt beinq idle
- for an hour is equal to the.cost of every process in the
system being idle for an hour (18:157-158). |

Statistical Fluctuation and Dependent Resources. 1In
order to undgzstand why the concept 6£'a constzélnt hold;
‘such a kéy zolelln the application of TOC, it is;necessaty
‘ﬁo review the statistical concepts Goldratt refers to as
statistical fluctuations and dependernt resources (SFUR).
Staffstlcal £1uétuations exist anytime the duzatlgn'bf an
activity cannot be precisely determined. If Aﬁ average is :
u#ed in calculating q‘piocess time or estabiishlnq a
schedulé, it is subjecf to fluctuation. When a Jjob 1s

estimated to take four hours, it {s not meanf that it will




' take exactly four hours to complete the process. Job

planning is accompli;hed by uﬁlng estimates and may actually
take three, or even six hours to accomplish the job.

Almost every process contains significant amounts of
fluctuations which become more pronounced where 'dependent
resources' exist. Dependent resources means that one
process cannot start until the preéedlnq one ls complete.
This situation exists in any organization where the
completion of a task requires a sequence of mozé than one
task .or resource. ' |

Statistical fluctuation and dependent resources are
separate concepts that have a definite impact on an
organization. However, it is thelr coexistence that creates
problems for the manager.

The effects of SFDR are demonstrated in the follo#ing
example (12). The simple system consists of two processes,
in sequence where process B must follow process A. See
Flgure 5. Each process averages Eoui units perlday and the
,nazkét requirement is four units per day. ro.keep the
exampie simple, each ptocess‘can only prodﬁce elthei tﬁreé

or f£ive units per day with a 50/59 probability.

. — —
» |Process Process
Input ——P» A —f—ii—a___—DOutput

FPigure' 'S, Simple Two P:oceislsyséem
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Table 1 shows all possible combinations of production

for the two dependent resources.

Table 1. Productidn Capacitlies of a Simple System

Production  Production

Capacity CQnasigx

Process A ‘Process B Output
"Day 1 3 _)p 3 —_—p 3
Day 2 3 ———ee—Pp 5 —p 3
Day 3 5 —_—) 3 —_—p 3
Day 4 5 —_— 5 —_—

' Total Output 14

On Day 1 Process A produced 3 units and_Process_B'pzoduced 3
units. On Day 2 Process A produced 3 units and Process B

, could have dtoduced S units butvwaé provided with only 3

- units so the days output was 3. On Day 3 Process A produced |
5 units but Process B could only produce 3 units so aqéln

the days output was 3 units. On Day 4 Process A pzodhceé 5

units and Process B was also able to produce 5 units so the

output of Day 4 was 5 units. Notice the'ayerage output for
pfocesses A and B 'ls four uhltslpe: day, as expected, but
the total output for the four possible daily outputs is only
1(. Theteﬁore,'the gveraqe,numbez pi unlts transferred to
the market 1s only 3.5 units per day.

The de;c:lp;lon of'thgiﬁlke ln‘xng_snal'ls a more
thcrough explanation of the dam&q;n§ lmpacf of SFDR. . In
"thls,éxampie thtcughput'ls desctlbed as the rate at which
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the last hiker walks over the traill, inventory is the amount

. of traii betwe ‘1 the first hiker and the last, and operating
expense is the energy expended in walking the trall. This
simple analogy shows that individual fluctuations of the
process times do not aver#ge out when dependent resources
are present. Rather it is an "accumulation of
slowness--because dependencyvlimitS‘the opportunities for
highgr fluctuations” (10:96-101). The only way to achlieve .
average is through carefull} controlled improvements.

ongoing Improvement. all living systems exlst Qlthin a
dynamic envi:onment. Without the capability to adapt to
changes within the environment, the,systeb will become
" extinct. According to TOC, the way to ensure both growth
and survival for U.S. manufacturing flrms 1ls to adopt a
process of ongoing improvement. The lmportance of éngoing
improvement in a changing envlzonment‘is'stated in The Race:

The marketpiace today 1s more czdwded,
faster-changing and more filercely competitive
than at any time in history....What was once

relatively gradual change has in recent years
turned into a race of exponentlally increasing
intensity. Those unable to continually improve
are falling behind, since success in this
environment requires more than a one-time
improvement....something far greater than a few
- sporadic lmprovements i3 now needed. Indeed,
the only way to secure and improve one's .
competitive position today is by instituting a:
process of ongoing improvement. (6:144)

1ng_zlxg_§;gn;. Up to this polnt, only thg concepts
used by TOC have been lntioduced The framework a manager

needs to direct the powez of TOC's concepts is stlll
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lacking. This framework is embodied within "The Five Steps

of Focusing” (11:3-6).

Step 1. Identify the System's Constraint. The
definition of a constraint gives the manager clueé as to how
to identify it. Look for the'things that aze.ln short
supply, or long processing times which impact the system to
the polﬁf of limiting output. 1If more than one constrgint
is identified, prioritize them accoxding to their impact on
the qoal.' This ranking will help to ellminaté needless
effort on trivial problems. '

0 ] ‘ .> By
éefinition} the constraint limits the throughput Af the
system. By exploiting the constraint, the manager ensures
that the capacity of the constraint is not wasted. There
are two ways to Ensuie the cqnst;aint's capacity is not
wasted: 1) make sure that there is always input available
for the constraint to work on. Remember, if the_constxaidt‘
has to wait for input, pzocésslng time is lpst for the
entire system. 2) mak§ suzre the;constzaint onl} works'on
inputs'that need to be pzoceqsedQ ) 84 thé constxatht is
p:ocessqu'wozk for future requltemenfs at the expense of
cuzzent wotk zequizements,,thréughput is wasted and fhat
wasted time is lost for the enti;e~system. | o

‘Recision. Subordinaflon deals‘wtth how t§ manage the

madbzity of the system's processes, the non-conétzaint
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procésses. The focus of the five steps 1s verbalized in
thisﬁstep. 'Non-constraint resources should not produce more
than the constraint can process. Producing more input for
the constraint than it can process is wasted since the
constzalntlcannot meet the production of the non-
conatraints. The implication foz'the m&nagez is to not
manage'non-const:aint resources tightly unless they start to
1nferfeze with the schedule of the constraint resource.

Step 4, FElevate the System's Constralint. Ask
the question: How can I increase the output of the
éonstralnt? The answer may include schedule changes,
investments, or polidy changes. Though it is natural for a
system to have a constraint, the location of the constraint
is not an act of nature. Management can control the.
location of the constraint by modifying the capacity of the
different processes in the system. There is always a way to
increase the capacity of the.consftaln? until thé constraint
i1s 'broken' (moves to a dlffg;ent.piocess).
W&WL.JW
Qanigﬁa_ax;;gm_gnn;;xain;. Since the b:eaklnq of one
constzalnt will not allow the system to produce an infinite
amount of throughput, another process must become the
constraint. Wwhat nozmaily'haﬁpens when a constriint is
broken, is managers d» not go back and review the formal and

l 1n£otmal‘zu1es devélope¢‘£or managing the £ormer'3y§tém's
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constraint. These rules then become policy constraints on

the new system. ‘ _
The Process of Change. The five focusing eteps provide
a sequential process for applying TOC to the system. Though
the five steps are powerful, they cannot ensure continuous
improvement. Goldratt explains the difficualty of setting an
organization on a process‘of ongoing improvement by
verbalizing the "devastating process that connects
fmprovements to emotional resistance:"
Any improvement is a change.
Leading to:
Any change is a perceived threat to security.
Leading to:
Any threat on security gilves rise to emotional
resistance. _
Leading to:
Emotional resistance can only be overcome by a
stronger emotion. (11:14-11)
Because of this resistance to change, Goldratt introduces an
ozdered apgroach for dealing with the process' of change
(11:7-8). Determine firet what needs to be changed, second
what to change to, and 'third how to effect the change.
ﬂna;_;g_ghangg? Hanagement should determine the
core problem; the problem that will have a major ilmpact on
}the organization.
hat fo Change to? The manager needs to develop a
simple, pzactical solution. TOC maintains that complicated
»solutions have a small chance of working.
Hox_to_zm.:.t_.the_cnanse" Management needs to .

break the connection between 'improvements' and 'emotional
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resistance.' Thils part 1s the most difficult. To solve

this dilemma, answer the £ollow£ng question: Who s the
only individual not likely to be thzeafened by a change? Of
course it is the.person that suggests the change. This
"emotion of the inventor" (11:15), Goldratt suggests, lis
stronger than the resistance to change. | '

The next three chapters desciibe this pfocess‘of

change in terms of the Civil Engineering Operations Branch.



~IV. What To Change
This chapter applies the basic definitions,tCOncepts,

and processes introduced in Chapter III to the Civil

‘Engineering (CE) Operations Branch. Realizing that only the

owner of an organization can establish the goal this
chapter derives a generic goal Eor the Operations Branch
from current mission statements and Air Force Civil
Engineering policy. |

In this chapter a technique called;Effect-CausefEffect,
is used to help the manager determine uhat is holding the
organization back from attaining more btcgress towards the
established goal. Verbalizing the cause and effect
relationships, lcgically de'ived from the current situation,

starts the Process of Change.
« Y . -
‘Senior CE managers are stressing tne-impurtance of

providing quality facilitles (3:1). In addition to quality
facilitles, CE must provide the right quantity oﬁ,ﬁacilities o

+at the approptiateftime (13). A facility, wnether utiiit?,

pavement, or building, must meet minimum quality standards.

1t is of little use to the user 1if the quality is so poor

that it does not meet the minimum requirements. Quantity s

.also'vital to Customers. If the proper quantity of

facilities is aot pzovided, the customezs' mission

capability is degraded. Finally, a customez cannot'peffo:m -
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' the mission unless the facility is provided when it 1is

needed. These three concepts; quality, quantity, and

‘timeliness, are at the basis of any customer orlented

service orgarization.

Can the goal be stated in terms of quality, quantity,

‘and.timeliness? The problem with'the goal stated in these

terms is that there is curzently no way to measure
performance towards thlsléoal. Measurement is critlcal and
can be complicated. Three separate measures would’be
required, one each for quality, quantity,'and timeliness.

Major William Duncan's PhD dissertation, when complete,
will calculate an annual condition index for each buiiding.
This index will provide a quantifiable indication of the
overall quality of facilities provided to tase customers
(14:14). One way to measure the quantity and timeliness of
facilities |s for customers to provide CE with a rating of
their satisfaction through a customer questionnaire.

The major flaw with these measurements is the Inabillty
to provide a way to direct decisions regarding use of
manhours and budgeted dollars. It is more lmportant to

direct or guide-effective dec:sionshrelative to future

" impacts on throughput than to judge the effectiveness of a.

decision already implemented. It appears, therefore, that a
goal stated ln terms of its requirements does not lend
1tse1£ to the development of suitable performance

measurements.
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Maybe a different approach to deEin%uq the goal will
clarify this issue. Ask the quéstion: How does a for-
' proflt, service organization meaSuie progress towards'its’
goal of haking more money now and in the future? It .
measures profit. The next éuestlon is: How is a company's
prdfit related to the cusﬁcmer's needs of timely, quality
service of the right quantity?
The‘answer to this quesfion is giQen by ans&ering three
more questions: |
1) will a company continue to make a profit iIn the
future if the service it provides does not meat quality
standards? A
| 2) If the company_is repeatedly unable to provide
a sufficient quantity of services to meet the custoﬁer's.
- needs, will it continue to make a profit?
3§'I§ the service'ls continually provided after
the custbmer need: the work‘completed, will tHe'company
éonﬁinue to attract customers and maké a profit in ;he
future? | | |
The answer to all three questions is, of course: No.
'Cusfomers do nbt’normally return to a company for moié'
'work 1£ they weze'not satisfied with the quality, quantity,
and timeliness of past work providéd by'the sjrvice ‘
- organization. So it seems that satisfying customers should
be thé goal and quality service in the right quahtlty ahd

 when requested by the customer are requirementls that must be
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met before achlevemént of the goal is possible. This is
nothing new. Upper level CE management have been stressing
cusfomer service for a number of years (8:7). The new
point here is tue verbalization of the teéuirements for
pioviding that customer service.

A for-profit[organizatidn measures its ability to ‘
mainta1n customer satisfaction by measuring profit.
However, és a military organization, if is difficult to
state 'the goal oé CE i3 to make a profit.'

A hypothesized goal for CE, incorporating the idea of
contlnuedbcustomer se:vice through quality facilities, in
the right quantity at the time they are needed is as
'Eollows:."To produce more 'units of service' (some

measurable quantity) now anu in the future."

- -E
This‘technique prevides the manuger a way to usevthe‘
logic inherent in a sitv-.tion to validatg cause-effect
relationshiﬁs (11:22). Used in this way a manage;‘can '
speculate a ‘cause (Cause #15 for a given effect‘(Effect k1)
éndAvalidatelthe rélationship by predicting other-effgcts
(validation Sffect #1) stemming from the same. causas. Seé
,i Figure 6. After Cause #¥1 is sufficiently verified, the
mahaéér can view it as an effect and.loqically determine its
cause (Cause #2) providing other effects of the new causelto
validate (Validatibh Effect #2) the otiglnal cause-cause

. relationship. Workinglin this way the hanager builds a

=3
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"logical tree® capable of explalning numerous cause-effect

rélationshjps. Eventually the tree will lead the manager to
the reat problem from which ;11 the other causes originate
(5:34).1 |

At times a detrimental loop is uhcovezéd in the effect-
caﬁse-effect analysis. This loop is present when an effect
becdmg; a cause for another effect that eventually decomes a
cause for the original -effect (Effect‘ll causes Cause #2).
'The loop then signals the‘présence of a "death spiral"” 1n'

the organization unless the 1609 is broken.

valigation
Effect #

/"vailgation
Effect #2

Figure 6. Effect-Cause-Effect Diagram

1.. This short explanation of the effect-cause-effect
technique is intended to help the reader follcw the
‘reasoning of the following section. A more in-depth
explanation of this technique is found on pages 22-35 of Dr.

Goldratt's book titled ﬂna:_La_InLa_xnins_callsd_zhgnzx_ni
Constralnts and How Should It be Implemented.
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The Problem

In general, customer satisfaction with CE performance

ls low. Thls can be verified by the fact that CE
organizations are being forced to convert to a zonal
maintenance type of organization because senior CE
management believes this new organization will increase
performance. One to two year lead times fof work order (WO)
completion, job orders (JO) Ehéé take'oyer 38 days to
complete, and CE's apparent inabillty to control indoor
heating, ventilatiné, and air conditioning systems are items
that iead to poor customer satisfaction.

As mentioned, one of the main causes for decreasing
customcr_;atlsfaction is the long lead time for qettlng a wo
accomplisﬁed. This app11e§ not only to work requested by
the customer, but also requirements ldenflfied in facility
surveys which are lumped into large'conttact projects.
onjects‘fot upgrading ufllltles within facllities are not
very bigh on the priority list and therefore may never get
accompil:hed,,vhiéh further lnc:eaSes RWP costs and the
number of JO calls on the system. Creatlon of the
Simplified Acquisition nf Base Enqlﬁeerlnq Resources (SABER)
‘program validates the statement that WO and JO lead times
are getting longer. The SABER was oilqlnally created as a
way to provide a quick response Capabllgty without ﬁaklng CE
personnel away f:o@ RWP and emergency and .urgent JO's. See

Figure 7,
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Long Lead
Timas

vFlgure 7. Decreasing Customer satisfaction

Long WO and Jo lead times exist because of the large
number of WO/JO's awalting accomplishment. There are Wo's
and JO's awalflnq attention at almést every process in the
W0/JO system. A létge number of WO's are awaiting approval,
a iazge number of WO's are awalting planning, a'larqe'numbe:
of WO's are awaiting fﬁnds, a lafqe number of Wo's are
Aawaiting materials, a iarge‘number of WO's are awalting
scheduling, and the same can be sﬁid of the number of JO's
. awaltlng élﬁhe: materlals or completion. See Flgure 8,
whatiis the reason for éhishlarqé number of-WO/Jé's? One
zéasoqyls that many bases, not slated for cloéute, are
receliving mlssiqnﬁ transferred fzoﬁ\Qeses acheguled to
close. When tﬂls happens new’faéllltles are often needed to
housé the neyly acqulzgd mission. Many bases are forced tp
renovate old,facliitles no lonQetluséd because there was not

eﬁouqh money for new facilitles.
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What does this do to the number of WO/JO's pumped into

the system? It greatly increases the amount of work being
pushed into CE and further increases the long lead times

created by the already large amount of accumulated work.

Long Lead
Times -

Accumuiated
wWOQO/JO Hours
increasing

Large # of WQ's
at each Process
of WO/JO System

Figure 8. Long Work Order/Job Order Lead Times

Further validation of the lncreasing workload of CE is
provid.ed in Figure 9. This graph totals the number of
manhours for ali planned but unaccomplished WO's at the end

of each month at Wright-Patterson AFB.

‘Detrimental Loop PL. It is not'difﬁlcult to figure out
tﬁa: aging faci;ifies increase the work loéd‘of personnél
assigned fo faéillty.malntenance. This aqlqg causes all
facilities on a‘base to detezioiate ét various zafes which
increases the work load of CE and f.rther lncreaséq the
already loﬁg lead times of WO/JQ'S. 'See Figure 14. | ‘

The Eadillty ag9ing process s Enrther aggravated by'the

'_lack of prbper RWP being,p'ezfozmed (15:2-3) on most bases énd
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Figure 9. Graph of WP AFB Accumulated Work Order Hours

the lack of in-house projects developed from Eécillty
sur?éyq. This s partly due to the piessures for the sbops
to accomplish more Qork‘than they have direct hours
~avallable. This puts Qreat‘pze$sq:e on shép‘personng; to
"pgnclllwﬁlp; the pr‘actlons. Much of thts.pressure is due 
to fhe amount of wozk_schéduled for the shbp at the weekiy
and‘monthly.échedqlinq meét;nqs.‘ The pezformaan o£ the |
scheduler is ﬁcasuted on how well they schedule the shops to
attaln the highest shop avallabillty rates p;sslble. This '
- pressure, together with the Eécf that thé W0/JO estimates :‘
are only estimates, and subject-to'staCLStlcal fluctuations,

cause the scheduler to své:loéd shop_schedulesﬂ' Th}s‘
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overloaded sch
pu:h thelr per
ﬁany cases, th
scheduled work
that are not 1
agthally perfo
on the shop wo

(15:12). See

Deteridraﬂn’g

edule puts pressure on the shopffozemen to

sonnel to accomplish the scheduled work.

e only way for shops to accomplish all of the

. 1s to pencil whip some of the requirements

ikely to be noticed. The amount of RWP

rmed only on paper, eventually takes its toll

rkload by increasing the number of JO's

Figure 19.

Accumulated
.WO/JO Hours
increasing .

wO/JO
. ‘Increasing

increasing
Cost of Reapirs

Facliities

RWP not
Pertormea
Agequately

Flgure 140. Effect; of Deteriorating Faclilities

To summar
service work (
accumulated wWQ

facilitlies cau

i{ze this death spiral, the backlog of in-
IWP) increases because of the increasing
/JO hours caused by the deterlorating

sed by over-scheduling IWP caused by the
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increasing accumulated WO0/J0 hours, etc. which leads to

detrimental loop #1 depicted in Fiqure 11.

Decreasing
~ Customer
Satistaction

Accumulated
WOQO/J0O Hours
Increasing

Deteriorating
" Facilities

RWP not
Performed
Adequatel

increasing
Backiog for
WP

Figd;e 11. Effect-Cause-Effect Loop #1

Q:tzlmgn:ai_nggn_Lz. Deteriorating facilities

increases thé'amount of work réqﬁired on each facility to
maintaln it fn a usable condition. The increased work
required tgnds to increase overall repair costs of the
‘f$¢illty which causés a further shoztége of funds causing an
increase in thé numbe:'of'WO's heid for funds causing ;n
increase in éhe‘IWP backlog, etc. This seduence_of'effeéts

leads to detrimental loop #2 depicted in Figure 12.

Detrimental Loop #3. Continued deterioration of
facilitlies also éauses-another ecffect. Detericrated

facilitles cause command interest projects to sutfacé.
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Decreasing
Customer
Satisfaction

Accumuiated
WO/JO Hours
Increasing

Deterlorating
'Facllities

RWP not
Pertormed

> CE forced to
Hold WO/JO's

Figure 12, Effect-Cause-Effect Loop #2

These are speclal projects that would not'get accomplished
in the deﬁized timeframe if the WO was allowed to process
“normally through the large CE accﬁmulated bécklog. The
int;oduction of special interest work into the schedule
further delays other work; This practice of. insertion is

| expensive bgcause the diverted resouzces and‘éxpenditﬁre of
‘unds, already lq short supply, causés a furthetrd:aln'on
tne money supply. This shortage of mohey causes a fu:ther
backlog in the IWP, the lﬁseztlon also absorbs manpower and
money slated fcor another WO/JO or RWP'acéion that now must

be del'ayed. This délay of complétidn of the RWP s now late

AN

36



or pencil whipped which causes a further deterioration of
facilities causing another special interest insertion, etc.

causinq detrimental loop #3 depicted in quuré 13,

Decreasing
Customer
Satisfaction.

Deteriorating
W Facliities 4

Accumulated
WO/JO Hours
increasing

RWP not
Performed
Adeguatal

Increasing
Backlog for
IWP

~ /"CE forcad to
Resources Hold WO/JO's
Diverted

Special Intarest '

N Projects insertag /-

Figure 13. Effect-Cause-Effect Loop #3

From the effect-cause-.-eifléct dia‘gzamé above [t Lecomes’

apparent that the three interconnected loops are éau’sing -
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decline in customer satisfaction.l fhere are three effects
involved in all three loops: deteriorating facilitlies, RWP
not performed adequately, and increasing backlog for IWP.
Until construction materials are'invented that do not
deteriorate with age, facilities will continue to
deteriorate and require operations and maintenance actions,.

Inadequate RWP accomplishment cannot be solved unless more

manhours become avallable in the shops or other work simply

is not accomplished. This is not likely to happen unless
the IWP backlog is eliminated. Therefore, the only
remaininé problem that a ménager can change {s the problem
of an increasing IWP backlog.

This problém is the 'what to change.'

L L L
N I

1. Theré are other cause and effect relaftonshlps in the:
complete effect-cause-effect diagram, but they are not
included here in order to simplify the diagrams (16). See

Appendix A.



This chapter is divided into three sections._ The firsf
section ﬁses an Eyaporatinq Cloud to verbalize underlying
assumptions éauslng the core problem. The second section
defines the performance measurements needed to change the
envizonment caused by any faulty assumptions'uncovergd by .
the Evaporating Cloud. The final section applies the
process of ongoing lmprovemént to the Operations Branch by

using the Five sSteps of Focusing.

The Evaporating Cloud Method

Dr. Goldratt developed thevaheorem of Evaporating
Clouds." This theozem‘fequires a préblem to be statad
brecjse;y and in a specific formgt. He bellieves that to
state a problem precisely, ‘it must be p:esentedvas "a
conflict betweén at least two requirements.” ‘This'éormat
includes an 6bjective that has at least two requiiements
wiéh'a prerequisite for each requirement. The‘conflictlis
present’because,tpe prerequisites éom§e£e for the same
resources (5:2). Figu;e-14 i; a representation of a
precisely stated ptobleﬁ. |

The purpose of the Evapdratinq'CLOuds method is to:

Induce people to invent simpie,solutions...away

from the avenues ¢f compromise and towards the

avenue of re-examining the foundations of the

system, in order to find the minimum number of

changes needed to create an environment in which
the problem simply cannot exist. (11:37)
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After establishing the format of the problem, the next step
is to verballize the assumption represented by each arrow.
Then attack the validity of each assumption. If any of the
arrows in the diagram is showﬂ to be erroneous or i{rrelevant
for the existing case, the assumption is invalid. When any
of the assumpt;ons are shown to be invalid, the problem -

céases to exist (5:2-5).

OBJECTIVE REQUIREMENT PREREQUISITE

Figure 14. Format of an Evaporatihg Cloud

In the pzevious chapter the core problem was identified

" as the. 'increasing In-Service Vork Plan (IWP) backlog.' To

form the solution 0f this problem into the shape required of

the Evaporating Cloud method, the problem must be restated
as an objective. The objective is not to have the IWP
backlog increase, but to make it decrease. Therefore, the

objective statement is to 'decrease the IWP backlog.'
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Requirements of the stated objective should be methods
that can be used to reach the obﬁectiVe, not to eliminate
the problem. 'Examples of eliminating the problem are:
decrease number of WO's, or decrease RWP. Remember the éoal
of the organization is not to make the problemlgo away but
to 'produce more units of service now and in the future.'.

what are methods of decreasing the IWP backlog? What
about using SABER? SABER'prdvides a method of contracting
out in-service wérk'and therefore; should decrease the IWP
backlog. One requiremént oi option 15 to use more SABER.'
This contracting mechanism 1is availablé’for providing
additional manpower tc the squadron, but it takes money.

- (See figure 15.)

Another method i3 to acquire new construction to'
replace old'faciliﬁies. The new construction decreases the
in-service workload by zeplacinq_old faciiifies'with new
facilities which require less maintenénce; Ahofhér
requirement ox optibnAis to acquiré new cpnstructionl Money
1s also a preréquisiﬁe.of acqﬁiring new cbnstzﬁctionf (Séé
Figure 15.)

‘ Inczeasing thé-p:oductivity of the,1n~servi¢e'workfoice
should also decrease’IWP‘backioq‘by provid!né,mgre hours of
productive Qbrk. Tﬁe third réquiremént is tblinczease :
wquforée prodﬁctivity. ‘Typicaily, proddtﬁiQity anreaseé
require more, or better equipment, better‘pay, or better
materials all'of'wh1¢h.requ1:e money. - (See Figure 15.)

~
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Each option requires the exp;anditure of more money.
Since more money 1s not likely to be availablc, the
pzerqu;sites are in conflict over a scarce resource. The
prerequisite of more mohey for each of the requireménts
completes the first step, formetting ﬁhe problem. Figure 15

shows the 'problem !n the graphical Evaporating Cloud format.

OBJECTIVE REQUIREMENT PREREQUISITE

. B8 E
Use More Requires
. SABER More Money
L )
A - A
C y . E’
Improve - '
l wp : . Requires
Backiog pronrce, Mre Money
. ;
| 2
D é‘r En
Adqulre New Requires
Conastruotion More Monay

Figure 15. Statement of the Problem

Assumptions. The next step is tc verbalize the

assumption behind each arrow.

Assumption A-B. The underlying assumption

represented by this arrow 'conslSﬁs of more than the use of a

. SABER contract to inctease the amount of work performed by
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the Cﬁ unit. It assumes that increasing the size of the

current workforce will 1nc£ease the units’ output.’
Therefore the assumption is stated as: increased manning '
wiil decrease the IWP backlog. |

Aa;gmn;ign,a;ﬂ. Incieasing the size of the
workforce, either by contract or by direct hiring, cannot be
accomplished.yithout more money. 3

Assumption A-D. Most peopie believe that if an
bld facility is replaced by new construction, thé'cost of
maintaining base facilities will deciease. The assumption
represented by this arrow is that new £ac111£ies require
less maintanance, and therefore less manhours, than old
facilitlies. |

Assumption D-S''. New construction is undertaken
for basically two reasons: 1) replace old facllitles, 2)
house a new mission or requirement. Since this problem does
not pertain to new missions, the aSsuhptlpn.he:e déals'ohly

with the replacement of old facilities. The. assumption

'rep:esehted by thlslarroﬁuiif new construction can not be
obtained without more money.
Assumption A~C. Most peoﬁle will agree that

improved ptdductivity should decrease a packlog of work.

The represented assumption ls that the workforce s capable

of consistently producing more output.
Aa;ﬁmnglgn_s;z;. Most money,qxpénded on

increasing workforce'pzoductlvity 13 spent in one 6£ fput.




areas: more or improved equipment, increased pay to retain

more gxperienced craftsmen, more expensive materials
designed to'cut installation time, or management systems to
provide more control over the efficiency of the workforce.
These expenses are ggnetally aimed‘at increasing the
efficiency of individual shops or processes. The underlying
assumption behind these expenditures is tﬁat increased
efficlency of each individual process increases the
productivity of the system.

Attacking the Assumptions. The next step is to attack
each assumption. When one |is ﬁhown to be invalid the '
problem will ‘evaporate.’

Asczumption A-B. There is not much to attack here.
In sode instances more manpower does not necessarily help to
;61v9 the problem, but in this case it éould help to.
decrease the size of the IWP backlog. There are other
assumptions eésiez to disprove so this Oné is not pursued
further. | |

Assunmption B-E. There may be somé'innovativé'wqys
to acquire conﬁ:;cts or ln-servlcg'woikezs that are
inexpensive, buf even lnexpensiv§ is too much {f the extra
| ‘ﬁoney is not aﬁallable. It appears tha;‘attack;nq this
assumption will not evaporate this problem.

Allﬂhﬂ&iﬂg_A;R., Anyone tpat has worked in CE when
'a new facllity was turned oVerntrom the contractor may

question éhe validity of this assumption. There are often
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maintenance problems in the facility before the shops find

out how the new equipment ih the new facility is designed to
work. Then there are the users that are not happy with the
"color of their office and want it repainted. Though these
are just a few of the problems. that a Chief of Operations
must deal with when a new facility is finished, it is
probably a good bef that the number of manhours requizred to
keep the new facility opezatidnal is much less than what
would have yeen required to bring the old Eécility up to the
standards of the new construction.

Assumption D-E'". onjects allowing private firms
to éonstruct and operate faqilities on military bases are
attacking this assumption (e.g. Contract billeting and
military housing constructed by third party and rented to
the military). Some of these propositions may be working
and decreasing a portion of the IWP backlog. However, if
these projects flourish, CE mannlnq will wltnesé a reduction
Secause df the reduction in the squaie footage of |
facilities. If the manning is te@hced at the Qame rate as
. the backlog of wézk, it is unlikely that a net reduction of |
in backlog will result. o

| Ag;nmn;igp_a;g.‘ More oveifime increases
avallabllltf rates in the'#hops ghd'appea;s to increase
pzo&uctivity. ‘More bvertime lg-not'bnly expensive in terms
‘oE monef, but peopie get léss ptoduCtlve'when they work

extra hours for weeks at a time.
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Azsumption C-E'. Most managers currently bélieve
‘that increasing the efficiency of each process will increase
the system’s productivity. Is this really true? To break
this assumption, there must be a case where the high
efficienclies of prbcesses in a system do not lead to higﬁez
productivity of the total system.

Have you ever walked into a shop that you kngw.had a
large backlog of work and saw someone slitting reading a |
paper? What was yodr reaction? If you asked why the
individual was not working you are not alone. This is a'i
common reaction for managers that do not realize that high
localrefficiencies do not-ngcessatily lead to a high levél

of organlzation production. Most people do belleve that for

the organization to be productive all‘personnel in the
organization must be productive all the time.

An example of a system where high local efficiencies do
not lead to high productivity follows (17).

Figure.ls depicts a system that produces a part fhat-
starts as raw materlalyénterlnq process A and ls processed
through each process until it 1s'£1nished’by proceQS'E. In
thiS simple example aséume'there is ﬁO'doyntlme for |
b:eakdoﬁns or personal breaks and process times Qre
deterministic. Each process can wﬁtk a fuli eight hours

eaéhvday, five days per week.
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Process
Time (minutes) 5 min 6 min 18 nnin 12 min 3 min

Production
(parts/hour) 12 p/h 18 p/h 6 p/h S p/h -~ 28 p/h
Figure 16. Efficiency Example

‘Assume also that this system 1; part of an organization thatl
measures the perfozmance of ité foremen on the efficiency of
their process. In this organiz;tion, what is the gqal of

- each foreman? .Of course, it is to ensure that theiz-process-
is always busy producing material so efficiencies remain
hlgﬁ.

If each proéess,is always productive, what 1s the
ﬁaximum eﬁflcienéy of each processé Process A can process
12 barts per hou; for as long as it can get raw material.

So Process A efficiency is 146 bercent. Process B ;aﬁ
process 19 ﬁarts per‘hour and is supplied with 12 parts per
hour 36 P:oéess_a always has mateziai to_hork on and its
.efficiency 1s 190 percentf Proééss C can pgocess 6 parts
per hour and 15 supplied wlth‘lﬂlparts per hourvfrom‘oncess
"B so Process C alﬁaysvhas material to work 6n;and its
efficlency is 190 percent. P:océss [») can process S parts
per houi and s supﬁlied'uiéh 6 parts per hour so it always
has material available to work on and its efficiency is 100
‘ perceht. Process E can process 20 parts per hour but is'

. sgpplled only S parts per hour and its efflclency.ls ohleZS[
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percent. How would you like to be the foreman of Process E

where performance is measured on having a high efficiency

but you are supplied only enough material to work 25 percent

of the time? =~

The total number of minutes worked by each process
divided by the total minutes of available processing time

for the five processes gives the systems efficiency of 85

percent,
Process A - 60 minutes per hour = 198 Percent
Process B - 68 minutes per hour = 108 percent
Process C - 60 minutes per hour = 100 percent
Process D - 68 minutes per hour = 198 percent
Process E - 15 minutes per hour = 25 percent

255 minutes per 5 hours = 85 percent

An additional probiem becomes evident after the first
day of production, a large amount of inventory builds up in
front of Processes B, C, énd'o. Since Process A produces
more'pazt$ per‘hour than_ProcgéS B can produce, inventory
will build up 1nde£1n1tely in front of:Ptocéss B. ThHe same
scenar}onls true for Processes C and D. The bulld ub of .
inventory ln front of these processes increases raw materlal
costs and holding costs which will-eventﬁally eat awvay ét
the combanles brofit.

Now assume that Figufe 16 is part of an organization
that measures its foremen based on their abllity to maintaln

the flow of output of the whole system. Now what is the goal

~of each fpteman? To ensure that the succeeding process is

not delayed processing time because of fhei: process., Now

48




‘the foremen must determine the maximum throughput of the
system and ensuré that they do not cause the throughput to
decrease. The throuqhout is 5 pafts per hour because the
slowest pfocess takes 12 minutes per-pait}lyProcesses‘A, B,
and C can easily produce S5 parts per hour'which keeps their
individual efficiencies below 180 percent. Process.D
p:oduces at 108 percent and Process E has no trouble
producing only S parts per hour. Thelefficiency of each

Process and the'systcms efficiency are calculated below:

Process A - 25 minutes per hour = 42 percent
Process B - 38 minutes per hour = 5@ percent
Process C - 50 minutes per hour = 83 percent
Process D - 60 minutes per hour = 149 percent
Process E - 15 minutes per hour = 25 percent

189 minutes per 5 hours = 6@ percent

~The system is capable og producing S parts per'houc in
both scenarios which keeps the throughput the same. 1In the .
second scenario howevec, the amount of lnventory betuéen the .
processes is 8 because all processes are pfoducing paits at
the same speed. Thls lack of lnventOty stacked up
throughout the system keeps the organization s 1nvestment in
raw materials low and holdlng costs down, both of which
increases the organizations p:ofit potential.

In this slmple example the organizatlon with 68 percent
system efficiency is able to produce the same amount of

thzoughput ‘as the organization with 85 percent ef:lclency.
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Exposed. The simple example above exposes the faulty
assumption that increasing the efticiency of individual
processes increases the productivity of the system. Now
that an arréw in the Evaporating Cloud is broken Ehe problem
'‘evaporates' if the faulty éssumption is replaced with a |
guideline‘that does not restate the existing situation.

What is the main difference between the 85 percent
efficlen£ ozqan1zat1on and the 608 percent efficient
organization? The first uses local efficlencies to measuré
performance of the foremen of the processes and the second
uses throughput of the system to ﬁeasu:e pezfézmance.

Why does this make a difference? When efficiencies are
used to meaﬁure the foremens' performance, fhe bridge
between local decisions and the organization's goal are not
present. In the second part of this simple example it is
~easy to change the foremens' goals and say they are the séme
as the brqanization's gbal. It is not so easy with'morel
complicated systems.

Wwith the assumpfion now exposed as invalid, .it is
possible to éee what is holding the Opétatlons Branch back
from becoming more productive. Performance measures,

, cu:zently used by management, create a qép between élobal
and local'goais.

It becomes obvious now that Qhat is. needed is new
performance measuzes'that bridge the qap'between the

foremen's goals andythe'organization's goal. The

: 5 “ <,
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performance measures proposed‘by TO0C aré'thrduthut,
inventory, and operatinq expe@séw Recall that throughput is
the rate an organization produces output; 1nvento£y is the
money invesfed }g/generating throdghptt; and operating
expense is the money spent by the*oféahitation to turn

1nvéntory into throughput.

Rexrformance Measurements

Iﬁ'this section these perfazﬁancé measures are first
defined in terms of the se?viées'p:ovided, the budget
allotted, and the expenses acquiied by the Operations
Branch. It then discusses the zélatiénshlp between
thzoughput, inventory, and opezating expense and how they
are used to form the bridge. ' . '

Throughput--Defining a Unit of Sexvice. There are four
sexvices (pzoductsi CE provides to its customers:

1. Operations - utilities in the way of

electricity, steam, water, sewage, base roads, etc.

2. Recurring work proéram (kwp)‘- periodic.

to slow the. normal aging prncess. -

3. *Job ozders (JO) - slngle shop maintenance and

zepair work with some limited minor construction..

4. Work orders (WO) - multi-shop wotk used for

‘renovations, repair, and upgrading £ac111ties.

The flrst three sezvices can be vlewed as

"dissatisfiers."--As lonq as the sezvice is provided there
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is no problem, as soon as it falters or the service is ,
degraded, the overall perceived service provided by CE is
diminished. These products cannot hélp CE improve its
service to'the customers. They can only detract from its
service by their non-performance.

Qperations. Operations is a dissatisfier. ’There
is no way for operations to ad§ positively to the lgvel of
customer satisfaction. Operations cannot provide more |
service than the customer needs. On the other hand if CE
stops providing a service for any amount of ;ime, the level
of customer service is certainly lowered. As long as
uninterrupted ‘electrical service continues tq be provided,
Eustomezs aie satisfied with the service. However, if
electricity is cut off for any amount of time, tﬁe quality
and quantity of service is degraded. 1Is a customer more
satisffed with the lev.l of service provided by operations
Lf CE provides more :lectricity than the customer needs? '
Probably not. | |

Figure 17 shpws a scale of customet satisfaction with
zZero Selng neutral. Negative cusfomer satisfaction |is
portrayed by the negative (~) sign oﬁ.the continuum wh;le
positive or lncreased customer satisfaction is ﬁortrayed'by
the'pOsitive (+) sign. The only possible effect Sf the

product operations is to subtract from the neutral position

 1f the service is not provided.
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Figure 17. Operations' Contribution to the Goal.

Recurring Work Program. The Air Force's RWP is a

program designed to ensure preventive

accomplished on base facilities as needed in a timely

prevent critical facilities, equipment, and utilities from
breaking down, and includes recurring

pavement cleaning and grass cutting (8:49).

maintenance is'

manner. According to AFR 85-2, RWP includes work needed to

requirements such as

As with operations, RWP is a dissatisfler. Therg is no

way to add to the level of customer. satisfaction. Cleaning

the streets more often or cutting the

not add to customer satisfaction. If

grass every day will

the RWP is not

performed however, CE phones are ringing with requests

(oxders) to perform the workf'

RWP pesztmed'on equipment, is not usdally visible fo

“the customer. This RWP is probably more important because

it can effect the customer's mission support capability.»

 This RWP 1s performed on facility equipment such as air
. conditioners, ventilation}systems, ete. As long as the RWP

~on the customer's air conditioner is performed and it

continues to operate properly; CE pezforﬁance is not

improved, but let the compressor fail
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satisfacticn 1s degraded. I[f the compressor is fixed
immediately, CE has continued to provide its service with‘
only a little degradation. However, if the compressor is
down for days the customer is certainly not satisfi2d and
may have doubts as to‘the quality and timeliness of support.
Figure 18 depicts the effect that not accomplishing RWP
has on the lével of customers satisfaction. A measurable
unit of performance fs subtracted from the neutralvposition

for each RWP' action not performed when required.

C - +
< !
, )
éatisfaction
Level

Figure 18. RWP Contribution Eo the Goal

Job Orders. Nofknecessarily all, but certainly
moStlJO's can be‘classifiéd as dissatisfie:s.,'There are
generally.threg types of JO's: .

1) sSomething out of CE's control is broken or
doesn't work properly and. the customer needs it fixed.

2) something within CE's control is broken and the
customer needs it fixed. o |

3) the customer submits a new requirement.

_iThese three Jo‘types are not separately identified within

the CE information management system. An adequate analysis

of the differént types would be a long and tedious task
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. requiring review and classification of thousands of JO's.

. However, by aefinition, the Bulk of the first two types of

JO's are classified as emergency or urgent Jo;s. These are
JO's that can be‘classifiedvas dissatisfiers, the type of
requirement that cannot add to cuétomer_satisfaction even if
more of it cou;d be accomplished. For example, a functioning
qommbde doe§ not ;ﬁprove nor impair a éustomers view of CE's
performﬁnce. But, if the commode is out of service and CE

can not repair it lmmediately, service is degraded. The

- thizd type of JO's is not seen as a typical JO since it is

submitted.as a new requirement. This type of"JO is treated
as a satisfiér'and is included with the ﬁO's.

In the case of repair JO's there are two levels of
performance;'one_fozlthe incohvenignce of the call in the
first place, and aﬁother if CE can notylmmediately ?espond ‘
to correct the situation prompting the call.

:».Figure 19 deplcts the JC that is completed by CE -

promptly. A measure of customer satisfaction is subtracted
" from the neutral positibn because the very requ;rement,of

the go céllrdecreasés customer perception éf CE performance.

- . I ' 4+ »
<+ & —P
lat;sfaction

Level

'Figure 19. Completed JO's Contribution to the Goal
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In Figure 20 the size of the line pcinting to the
negative side of the continuum is due to the nonavailability
of immediate response. CE could not respond quickly enough
for the customer so the amount of customer dissatisfacfi§n
increases theieby, decreasing the level of CE performance
more than the case where CE is able to respond immediately.
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Figure 28. Uncompleted JO's Contzibution to the Goal

Work Orders. The only product of the four that
can be clearly classified as a "satisfier" is the WO.

Included here is the JO submitted for a new requizement.

This work can be considered as a mini-WO. When a customer

submits a WO, there is some specific, new need which the
customer desires. When the WO is completed,lthere is a
resultant increase in the quality of service provided to the
custdmer."uoweber, if the WO is not accomplished when
needed, customer satisfaction will diminish. The wo-1$ the
ﬁost visible product for most CE‘customers. '

Flgure 21 4eplcts the increase of customer satisfaction
due to the prompt accomplishment of the new need desired by
the cusiomer. The magnitude of the customer satisfaction

added to the neutral'position is dictéted by the size of the
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WO, number of customers serviced, and the number of shops

involved.

- ' +
¢ p
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Figure 21. WO's Contribution to the Goal

uﬂx;;_gﬁ_nga;n;g. Now that the producﬁs provided
by CE and their effects on customer satisfaction are
defined, what s the unit 62 service proyided? There are
éurrently none defined that are able to adequately measure
ail four CE ptoducts. However, in order to facllitate
| ' o future discussions Sf performance measures fdz CE, the
hypothetical.gnit of 'utility' is defined as being equal to
| one unit of service provided to CE customers--its
throughput. :

Lnxgnggzx."invgntozy for a CE ofganization involves
two type cf constltgents: materlal and pape:wbzi.' fhe |
materia; part of inventory lncludeﬁ,mateiiaLs for WO's not
yet compléte,vzeﬁldual holding, emergency stocki,'and shop
stocks. To understand the'papetwbzk*lnvenﬁoty, visualize
thé individual pleces of paper in place of parts being
processed. The‘plecgs of paper coul)d be 6rdets being
probessédlﬁy an offlce that two or more personn&l must

process before the 'product’ becbmeq output. The more
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ozdefs in the>system the larger the inventory within the

system.

A_paﬁerwozk system can get clogged with inventory just
as éas;ly as a production organization with stacks‘of
inventory auaitiné procéssing by its processes. The more
inventOty in the system the longer each plece waits for the
actﬁal process to‘bé perfdrmed.
| | ‘Qng;aglng_ﬁxngnag. Operating expense for a non-profit
service organization lis nof much diffezenf than that of a
lfor-proflt production organization. Each spends money on

‘things requ;red to turn inventory into throughput. ' Items
such as shop tools, equipment, §f£1ce suppllies, civilian
- labor budget, and CE facilitlies are examples of operatinq
.expensé. _

Sﬁme may argue that equipment and facllities are not

operating expense because they are investment iltems and
.there;o:e should be considered inventory. However, as far
'a# CE is concefned, even investment ltems‘ate operating
~expense because CE does not receive the money resulting from

the sale of old or salvaged equipment.

Rexformance Measurement Relationships

Foz-btoflt 6tqanizatlons are able to use net proflt‘l
{Throughput - Operating Expense) and return on invesﬁment
(Net Profit/Inventory) as bottomllne measurements of the
CQﬁbaniea' progress towards its global goal oflmaklnq money.

This ls posslbie‘becadse all thrgq pecformance measurements;
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throughput, inventory, and operating expense, are measured

in units of dollars.

In the Operations Branch, throughput and parts of
_lnventory can not be measored iﬁ‘dollars. 'Since it is not
mathematically oossible to add or subtract unlike units,
there is a need to develop new're1ationsﬁlps between the
perforhance measuremonts. These relationsh;ps must present
a wéy for manégers to determine if the organization is
progressing towards its global goal. Examoles of bottomline

measurements are:

Throughput (utilities)

= Utility per expense dollar
Operating Expense (dollars) :

Throughput (utilities)

- = Utility per investment dollar
Inventory (dollars) '

Though the unit of throughput can be used as a
measurement 1tsel£ it may be useful to monitor the ratlo of
-throughput to oberatlng expense or lnvestmentm Such ratios
élve the‘maﬁagor an lndlcatlon of the amount of beneflits
provided to the customer for the expense 1ncurred or
1nvestment :equired '

Vhen using a ratio as an indication of performance one
must keep in mind that a change on the numerator has a more
dramatic effect on the value of the ratio than a like change
in the denominator. An oxample is the ratio S/10 = 8.5.

| Increasing the numerator by 1 increases.thelrétio to 6/18 =
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'@.6. However, decreasing the denominator by 1 {ncreases the

ratio to only 5/9 = 8.55. This simple example shows that an
Increase of utility has more positive effect on the utlility
per expense than a similar dec:ease in the operating expense.
The performance measures throughput, inventory, and
operating expense and their interrelationships provide the
l‘piers forlthe bridge needed by all levels of management.
These measurements.are useful on;y for qlobél.
measurement of an organization's goal and for performance
measurement of the constraint of the sysfem since the
constralnt controls the rate of output of the system.
How are the non-constraints measured? The last four
steps of the Five Steps of Focusing prlede an answer to

this question as well as providing the rest of the'bridge.

Ihe Filve Steps of Focusing

Tﬁis,sgction applies the'Eive Steps of Focusing to thé
Work Ozdér (WO) program within the Opezat;ons Branch, It -
first desczibes how toyidéntlfy a constraint through the use
of a slmpie example that shows thé~loglc behind identifying
a‘const:aint. Thaﬁvlogic is then.usediin an attempt to
identify the constraint in the Operations Branch. The ofher
four steps, exploit, subordinate, elevate, and inertia are
also d#scrlbed in terms of Operations Branch examples.
msmmmmmm:_m_mm_unm Another
slmpie system of btocesses is used to loglcally détive a '

method of finding thé’constraint within a system. Figure 22
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15 a system of four processes where Processes B, C, and D
are‘dependent on each of the preceding processes. 1In this

simple example assume there is no variance in process times.

" —-——h A ——-——b‘—B— - C Pt D Ppoutput
Process 2 min. 3 min. : S min. >2 min.

Times

Figure 22. Example of a Line System

To determine which‘is the constraint or the slowest
process, start Qith Process D.: Its processing Fime is 2
min/parf so 1£ can p;oduce 38 parts per hour. Parts Sre
providédifrom Process C at only 12 parts ﬁér'hdur so Process
D is limited to 12vpart$/hour by Process C. Process B can

pzoducé_ZB parts/hour and process A can produce 36
1parts/h§ur. Both can produce more than Process C. .The
calculations of the parts produced per hour for each of the
vlfour §roéesse§ {s shown in Flgu:e 23. Qy comparing the
processvfimes of each process, determine the constraint. 1t
should'be obvious that Process C is the slowest process and
limlts,the‘tththput of the syStem to 12 parts ber hour.

. Since Process A p:oduc?s parts faster thanAProcess 8, .
- an aneﬂtqry of péits'will plle up in front of Prééess B.
The same ls true for Prdéess c;v'?rbcess D will hozhally not
have a backlog because it can produce more than twice the
rate of Process C. The size of the backlog in Eroné of each

‘process is a Eunct;on of the ptocessing.time'of that process
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Process Procesg

A B
68 min/hour 60 min/hour
. = 30 parts/hour =28 parts/hour
. 2 min[part 3 min/part 4
Process » Process
c D
60 min/hour '68 min/hour
= 12 parts/hour = 38 parts/hour
5 min/part 2 min/part

Figure 23. Process Times

and the processing tinm es of the preceding processes.
Thegefore, it is logical to assume that the constraint
‘pzocess‘will have the largest pile of lnventgry awaiting
processing. This inventory is calléd a backlog.

Fiqure 24 shows the location of the largest backlog in

front of the resource constraint.

T .
Y ) LI

Process 2 min. 3 min. . S min. . 2 min.

" Times

Figure 24. A Line System with Backlogs

Earlier in this chapter performance measuiements were
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discussed and determined that WO's and some JO's are the

Oniy products provided that increase the output of the

'Operations Branch. Since the goal is to increase the output

of the organization; RWP, Operations, and JO completion arel

necessary conditions to staying at the neutral position on

the scale of customer satisfaction, The only‘service thét _ 1
increases the level‘of customer satisfaction is the,wb.
Therefore, the system to look at in the Operations Branch is
the WO program. -

Most pebple have their own ideas as to where the,
constraint is located; Some of the popular constraints are
Materlal Control, money, and manpower.

| Is Material cbntrol the constraint because of extended
delays in getting materials and supplies? If Material
COntgol is the process limiting the overall pe;formance of
the drganization, its processfng time must be longer than
the other pzoéesses in the system. Past research has
determined the‘tesponse time for material delivery in a

Government Operated Civil Engineering Supply store (GOCESS)

' “to be 18 6 days with a standard deviation of 14.6 days. It
was further found that only about 3% of the requirements

‘weze received aiter 50 days (18:35).

Though the processinq time varies greatly in Haterlal

.COntrol, the number of WO's that can be processed at one

“time is large.  Once thevmaterlal is orde:qd the test of the

processing time s §imp1y waiting for material delivery.'




Material Control seldom has a backlog of WO's walting to be
processed unless money is short. |
| Is money for matezials the critlcally short resource?
What about the large quantity of money tied up in inventory’
It is money spent on materlals required for future work and
1s stored in the warehouse waiting to be ﬁsed. According to
Capt Robin Davis, the approximate holding cost for materlals
is 33% and the Air Force pays approximately $15.5 million
per year for CE inventory holding costs (18:2). Another
policy that wastes huge‘amounts of money on materlials that
do 1little tolincrease the performance of the organization is
the lump sum'given to Material Control near the end of the |
fiscal year with the stipulation that it Is obligated in two
days. This practice leads to the expenditﬁre of the money,
not on materials'that will increase the,current output, but
on materials that increase the inventory, therebyvincreasing
holding costs.

Is ménpowgr the critically short resource causing
backlogs in more thah'oﬁe pfocess? fhe.examﬁle at Figure 24

shows that backlogs appear in front of numerous processes

: becaqse the p:ecedlqé process is actually producing more

" than the system can produce. If'personnel were added to .

Processes A, B, and D, the total output of the sys;em‘wodld

not increase by one product. Only by increasing personnel

at Process C will output‘lnc:ease. The problem is not
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necessarily not enough manpower, but maybe not enough

manpower assigned to the right process.

The Work Order Program as a Line System. To put

the WO program into the perspective of TOC, look at it a- a

system made up of a number of processes. Process A ‘:x che
Customer Service Unit where the 'order is received;'
Process B is thelapproval process, Process C is Awalting
Planning, Pzocess D is Planning, Process E‘is Awaiting
Funds, Process F is Material Control, Process G is Awaiting
Scheduling, Process H is Scheduling (shops are scheguled to
accomplish the work), and Process I is Close Out actions.
The material processed by this system is the piece of paper
called a WO.  Figure 25 represents this system of'processes

that 'a WO must be processed through for completion.

v — .
A Customer v . - I
Service D Planning 'J!T
Unit G Awaitlnq
~ . —W—J Scheduling
B Approval '. . , v '
, E Awalting ,
Funds i H Schedul;ng
C | Awaiting ' ~ -
-Planning F Material '
' -Control , I c103e out

v

 Flgure 25. Work Order System
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An attempt to ldentify the backlog of WO's in front of
each process is fruitless because the information stored in
the Work Information Management System (WIMS) is not
conqucive to this type of analysis. WO's are assigned to é
tracking indicator (PLN, CSU, MAT, etc.) with no indication
of how long the WO waits for processing or is actually
procéssed. This is not due to an oversight by the
programmers, bﬁt to the fact that this type of information
is not currently requested by managers (13).

In his latest book, The Havstack Syndrome, Goldratt
reéognizes that managers have ﬁore than enough data, but
still can n§t seem to gef the information they need
(19:3). Which is the case in this situation. Plenty
of data 1s avallable in the WIMS database, but it is not the
1ﬁfbrmation‘needed to find the constraint of the WO system.

By deflnition} a constraint limits the output of al
system. Maybe the identification of the constraint can be
acéomplished by verbaiizing‘hdw the system works?

The'céU receives a WO request and it takes less than a
day to'ptocess‘it. If the WO i3 nct §rdper1y.coord1nafed,
ltvgoes to Process B. The actual process of aépzoval at
each stop doés not take long, butvthe tx;vel time betweéﬁ
coofdihétion offices ana the waifing time before being
ézocessed can vary greatiy. After the.cobrdination is
complete, Planning establishés a shqtguﬁ estlmaée for

. approval purposes. The Approval process ltseif'is less than
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a day, but approval meetings meet about once a week so the
waiting time again is thellargest parf of this process.

'Once approved the WO is held at Process C, Awaiting
Planning. The Chief qf Reéuirements looks at a'numberlof
:equirements before a WO is sént to Planning. These
include, which shops_will require work in a future month,
money required to purchase the materlals required, and the
workload of the Plahninq Section.

Most of the waiting'tfme prior to the WO being’
proce;sed.by the Planning Section occurs in Process C so
almost all of ProCessvD is prbcesslnq time.

When Process D completes its process on the WO, the WO
moves to Process E, Awaiting Funds. This process is the
accumulation poin;lof the waiting time for Process F,
Material Control. The material can be ordered in a matter
of only é’few days once the WO islrele;sed from Pébcéss E.

_ The remainder of the processing time depends on the :eééonsé
time of'the particular pﬁrchasing arrangemsnt-in.use at the
‘base.' a

After all material is received foi a Wo, it moves to
'Proéess G, Awaiting Schedulingt This‘prOCess is'fhe |
vaccumulqtidﬁ point 6f1the waiting'time for Process H, .
Scheduling;: oﬁce'thé wb ls'téleased‘té Process ﬁ, the work
is actually scheduled for completion andvthe;shobs start

construction.




~ .‘w o e~ g

Process I, Close Out, conslists of turning in residue
materials, Real Property coordination, i1f required, and the

Chief of Operations signature. Processing time is very

‘"short and normally accomplished in groups of WO's at a time.

Vith the system completelyldeflned, ask the following
question: Increasing the output of which process in the
sysfem will increase the thrpughput of the system?

In order ﬁo answer this question, start at thé'last
process and, working baékwards, ask another question: will
the:system's througbput increase if the preceding process
processed inventory fasteré ‘

Starting éf'Process'I, will throughput throﬁgh Process
I increase 1f Process H processes faster? Since the
Closeout process time is very short and cén be accomplished
in groups of WO's at one time, It éppeazs Fhat Process I can
process more. | »

If Mate;ial Control could purchase matezials faster and
process more WO's, would the systems' throughput increase?

it is doﬁbtful this would happen as'lonq as Process .G has

.. WO's assigned to it. Process G is a holding process aﬁd

only has WO's assigned if Process H does not have the
manhours available to'ﬁerfozm the work rgquiied.‘

Wwill Material cOntiol output increase if Planning
processed WO's faster? This is also doubtful és long as
Process E has WO's assiéngd to it. Process E is the hoiding

process and on;y’has WO's assigned if Materlal Cortrol

68



cannot purchase material or if manhburs are not expected to
be available. _

Will the approval of ﬁore WO's:allpw Planning to.
piocess more? Not as long as Process C'bas WO's assigned
since it is the holding process before progressing to
Planning. Process C is typicallj»the release process for
the rest of the system. When middle managers expect money .
and manhéﬁrs to be available, a WO is released to Planning
for processing.‘ Most of these releases are contingent on
‘the expected avalilability of shop manhours.

The last question in this anélysis.dgals with
increasing the output of Process A. If more WO's are
submitted to‘thé Customer Service Uhif, will the throughput.
of thg system increase? Most managers will aétee that
increasing throughput is not a pfoblem of not having enough
work to pezforﬁ. ‘ ' ‘

So which process.is the constraint? Whichevei'one that
will increase the systems' throughéqt 1E»the processing
‘capabllity is increased. Some may bglie§e Piadniﬁg is the'.
constréint, or Material Control is the constia;nt, or a
craft shop is thelconétraint; The constraint could be
different for different organizétions; The manager Shou1§
pick one as the constréint and managélit by thg-fest of the
"Five Stgps. If the process established as the.cnns::aiht
turns out not to be the constraint of the system, a backlog

of work qul;kly increases in front of the real constraint.
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For the purpose of further discussion a craft shop process
is considered the constraint.

An_Operations Branch Shop as the Constraint. This
discussion will not get into the reason why a shop may be |
the constraint, only which shop may be the constraint.

_Some of the information needed to determine the
location of the constzaint shop is avallable in tha WIMS.
The estimated number of manhours required for completion bf
each’plénnediwo is stored by chop in tthMWCN.file. From
this information it is possible to retrieve an estimate of
the acqumulated manhour backlog for eéch shop. The
accumulatéd backlog of manhours is not restricted to the
manhours required to complete the WO's awaliting scheduling.
It refers to the estimated manhours required to complete all
planned WO's. |
| There are three items missine from making the
accumulated backlog effective for determiﬁing the
constraint. They are 1) approved WO's do not have estimated
manhours until they are planned, 2) RWP actions that are not
accomplished can not be included, 3) there is no way to |
include JO's because they are not estimated unless materials
are‘réquigéd and then the estimate is not very aécurate.

~The COBOL program in Appendix B totals the non-
| completed'wo hours using daté on the DATO@1l volume; MWOXDATA

library; and the'MWOA and MWCN files. The program also
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totals ali direct hours for the month requested from the
MIWH file. |

The ielationship between -he processes' backlog and its
prdcessing time is degcribed in the example aboveﬂ This
relationship is used now to graphically porézay the ratio
between the npn-cbmpleted WO hours, from thé MWCNSUM
'program, and the total monthly direct hours for each shop.
Figure 26 shows the five shops witn'the highest ratiocs.
This ratio is equal to the number of months work each shop

has planned if no work but WO's are to be accomplished.

-t
o

Accumuiated WO Hrs/Direct Hrs

2 S . A ——— v ' y -
08 . J90O A 90 Jy90 090 CJd91 - A9

—&- Poirt - Aabeat Rmw —%= Struct
- MO

Figure 26. Graph of Backlog WO Hours to Actual Direct

At most bases, the Chief of Requirements directly

controls the VOfs’zeleased to Planning. At w:ight-Patfgrson
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AFB, the Chief of Requirements controls the appearahce of

'thg graph in Figure 26. If WO's are released that are
expected to require a iarge number of manhours fc: the
Stiuctures Shop, the accumulated backlog increases. It is
also easy to make it appear that a shop ls catching upllf
wo?s that involve that shop are not released to Planning and
therefore, do not Sppeér in the accumulated bacxloq.'v
At Wright-Patterson AFB, the Chief of‘Reéuirements
ciosely manages the amount of work planned for the Inferior
Electric shop. The ﬁlanned workloads for the AsSestoq
Removal, Metal, and the Paint shops are not considered when
deciding which WO is to be planned next. The workload of
the Stzucturés Shop is monitored to ensure enough work is
planned to keep the shop productive, but not closely
controlled (16). | |
' The cbﬁtznl exerted ovesr the planned WO manhours fdz
the Interior Electric Shop will keep the accumulgted
manhours at a manageable level for the subject shop and
thereby not show the large béckloq}expected of a constralnt;
This control and ;he{prbblémsldescz;bed earller severeiy
limit fhé ablilty of the COBOL pioqzam to help in
identifying the constraint of the Operations Branch.
‘EaLAhllan_n_cnn:;;alnx_Shgn. The pe:soh in the
best locatlion ta determine the constraint shop'is the Chief
of Requirements, or whomever has direct control ovez'what :

work is scheduled and what WO's are released from the
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Awaliting Planning process. The personnel in control of

releasing Wo's should have intuition in finding and
establishing the,bonstraint. They will have a good fegl for
which shop would have the greatest impact on increased
throughput if more work could be processec¢ through it.

To increase the thtoughputiof the whoie process, pick
‘the constraint shop ana manage the rest of the system in
accordanée with the foilowing four steps. 1If the shop turns
out not to be the constraint it will become.evident by the
'1nczeasingly large backiog in fronf of the feal constraint.

Exnlg1;_;hg_ﬁxg;gm;;_ggng;ﬁain;. .Once the constraint
is determined, make sure the constraint shop's efforts are
not wasted. Wasted time for a constralnt occurs when a
erke; makes more than'one’tzlp to a job or must wait for
'anothervyozkezy or do paperwork which could be done by
someone else, Every mihute the constraint shdp is delayed,
is d minute delayed for every person in the Systém.

| Two posSible methods offensuting the cdnst:aint'shgp is
not delayed are: i) peffqzm quality control lnspégfidns and -
, cozrecé any deflcienéies before the'constraiht shop starts
thelir work. 2) . ensure fhe consttaint-shoplﬁe:fozms,Work‘
needing attention noﬁ, , _

mnmmnumum This step deals with the
management of tbffpzoces;eq that are not constraints. Non-
constraints must process ltems the constrqint wiil“

eventually process. Subqrdinate”the non-constralnts:by |
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. consttalnt shop will lnCtease the throughput of the

ensuring that they supply everything needed by the

cons. -'int, but not more than is needed. Many WO's require
more than two shops to coordinate thélr actions to produce a
quality project. Non-constraint shops working a WO with the
constraint shop should ensure the work placelis ready for
the constraint shop when'they arrive. The constraint shop
should not have to wait for the non-constraint to finish a
btaSR before they can proceed with the work.

Tasks assigned the constraint shop that do nothing to’
"increase the throughput of the organization should be
eliminated or assigned t6 another shop. Such tasks in an
Oberations Branch include persons from the constraint shop
performing additional dutles. Reassigning these du;ies to
pefsonnel in non-constraint shops may not seeem fair, but
being falr i& not part of the goal.

' Elgyggg_;hg_ggnggxain;. After the two previous steps
are completed, try to break the constralnt. Get more
peisonnel assigned'to the shop, pursue cross-éralning of
'pgrsonngl from non-constraint shops, or acqulze qvez-hlres}

By definition,'any~1ncrease of the'capability in the

organization towards its goal.
: ng;;gjulfgﬁ_Lngggla. If the constralnt {s broken in

the pzeviods step, throughput will not increase any further.

The performance will be limited by another proéess.vJThe

'constzalﬁt will move.
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While managing the system based on the locationvof the
first constraint, many formal and informal rules are dériVed
and followed. Inertia occurs 1£ management does not
recognize the constraint has moved and continues to manage
by the old rules. These rules mrst be examined when a
constraint is broken or policy constraints will limit production.
In order to prevent this, the iast step of this process is toigo

back to step 1 and start over again.
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Vi. How To Effect The Change

All managers can remember a time when'a new
productivity improvemént procedure was directed by'upper
maﬁaqement to be implemented. Most felt, "the improvement
will not work because our section is differentp"

This chapter diséusses how this happens and how an
organization can be induced to create and 1mp1ement'the1r
own lmprovements.

Past Management Policies

To {llustrate the negative effects of the
implementation method nozmally'used by management toQay,
examine the last managemeny phllosopﬁy you were fold to
'1mp1ement. Did the performance of your organization improve
‘ drématically because of 1t? Did it continue to improve? Or
did the managers, directed to implement the new philosophy;
claim that the procedures wéuld,not work in their areas?
This LS an example of ;he embtional resisténce to change
briefly dls¢ussed in Chapter III.

Unles$ the new philosophy was"chémbloned' by someone
ln'the'oréanlzatloﬂ who really belleved in the .
vlmplementation, the new philosophy just became another iteﬁ
to report to the boss about. Even 1if the champion succeeded
in effetting a change vitﬁin the organization, what happened

when the champinn was promoted out of the ozqanization?
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More than likely theiimnrdQement process stagnated because
no one else wanted to take erzees the cnampion of the
philospphy. »

‘How could this new phiidébphy be implemenfed and

continue on without a 'champlon'? 'If everyone in the

organization decides for thenselves that the new philosophy
is needed and it will work, there is a chance.
, ' < ' |
Ihs_ﬁgszatng_Annxgach S | , 1
The Socratic method does not provide answers, it
provides an 'individual with questions that are designed to
' provoke a solution fron the individual. 1If an indlviduai
feels ownershin of a soiutlon they‘are more likely to
1mglement the solution than if the solution is given as
constructive criticism.
By using the Sociatic method a manager instills the
‘emotion of the inventor' by convincing the individual that
they ;nyented the eolufion to'the problem, or they belleve
the new'nanaqement philosophy is needed. |
It I's not enough hcwever, to convince individuals of
the need for change, it must occur at all levels of the
-ozganization and gain a group coneensus.. Quoting from Ing
Race: |
. s omerely presenting'the.appropriate rules and‘
procedures to a group will not ensure thelir
acceptance. Such a presentation needs to

include the entire step by—sfep derivation of
.this appzoach. ‘ , ‘ :
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Consensus will be reached only lf this
derivation starts from a generally agreed-upon
picture of the situation...and proceeds using
very precise, well-defined arguments, making
sure that no gaps or even perceived flaws leave
an opening for misunderstanding. The logic must
be so strong that it is perceived as common
sense. (6:149)
With the majority of the organization convinced that the
improvement is not only good but vital for the existence of
the organization, a process cf ongoing improvement can

exist.

Implementation

There are two wavs to implement Theory of Constraints
(TOC) in an organization. The flrst ﬁethod, reﬁresented in
Figure 27 by the Procedure Curve, shows the path of
improvement over time when only the technliques and
procedures of TOC are lmplemented."The secon§'method,
zepresented.in Figure 27 by the Thinking Curve, shows the
path of ihprovement,over time when the.tﬁinking'processes
are implemented. These thinkiné pzdceSses represent a
- change in the culture and .focus of the whole organization
and take more time to implement.

1f fhe person gtarting thé 1mp1ementation bfiToc iq an
o;ganlzation i{s not the Comméhder, the first step is to get.
the Cbmmander's full support. As a minimum the|Commander
.shoulg read The Goal and gbmmit»tp implementlnq the process
of ongoing improvement. Initiating this process in a '

- squadron without the full suﬁpozt‘of the,cOmmander will
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“Tﬁzoughput World," or Mission World thinking. The intent
of this meeting is to:

1) Gain avconsensus of the top management personnel
that this is the method to take. |

2) Gain access to the whole organizatlon in order to
geﬁerate consensus throughout the organization.

The second step consists of a one day seminar for the
section chiefs and shop foremen. The Commander starts the
seminar by‘stating that managemenht is investigating this
managemént philosophy and wapts to expose 1t td the
prganiZation before pursuing it further. The opinfons of
the people attending is critical to continuing the .
implementation. Without their support, the implementation
is limited to the Process curve of Figure 27.

The seminar ;onSISts of'defining the performance
measurements, throughput, inventqzy, ahd operating expense;
conv;nélng people that verbalizing their 1ntu1t10n’will.help
provide effective, Simple,soLution:.to problems; the process
of change, Wﬁat,to Change, What fo Change to, and How to
Effect the Change; and Elnally the process of'ongoiﬁq
improvement in ‘the form of The Flve Steps of Focusing.

" After fhls'seminar, the attendees provide their‘oplﬁion
of this apprdach. Hahagement should proceed,with.
1mp1ementatlbn only 1f a large concensus exlstslamonq the

attéhdees to continue exploring this philosophy.
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| The third step is a series ¢f one day work shops for -
section managers. The financial manégers, engineers, shop
foremen; Material Control managers, and Production Control
_managets all attend sepaiate workshops. The workshops
incorporate computer simulations related to the specific
sections. The proceéss of chanée and the Five Steps of
IFocusing are uséd extensively throughout the day in order‘tq

institutionalize the thinking processes for all attendees.
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VII. cConclusions

This chapter presents a summary of the reseaxch effort,

conclusions, and rzecommended future researcl.

summary of Reseaxch Effort

This research introduces the Civil Engineering (CE)
manager to the Theory of Constraints (TOC) management
philosophy and to show that Ehis process of ongoing
improvement is applicable to the Operations Brancﬁu

The ground work is laid by introducing basic
definitions and concepts on which more complex procedures
and thinking processes are built. This includes regefining
the mission o£ C1v1l Engineering in the Erémework of a
measurable goal for the orgahization.

The Efféct—Cane-Effec; analysis allows a manager to
'verballze thé causes and effects of existing situations that
lead to the core problem. This core problem is then
aqalyzed by verbaliziné assumptions that are generally
accepted as truth and expose the outdated assumption that
restricts the output of the‘organizat;on. |

The reader is then lead through an analysis of CE from
the perspective of a work order (WO). This analysis
consists of the process of ongoing lmprovement.by using the

"Five éteps of Focusing."
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Finally, the reader is introduced to a method of
introducing thisuph110$ophy in an organizétion. Not by
getting top management to direct is use, but by‘eliminating
the emotion of resistance to change in the organizations®

personnel.

Eindings |
1. Top éE management should establish a goal for

daily, péacetime operations. The goal derived in this

‘research is the view of one of CE's middle managers not in a

position to establish a global goal for all of CE.

2. The goal must be measuzeablé. Performance
measu:emedts that direct middle managers' decisions towards
the goal is manaatory. Any other perforﬁance meaéurement
judges de;isions after the effect on the'goal.

3. CE must be committed to a process of ongoing

improvement or ‘be doomed‘to continually increasing deficits

between base requirements and resources to meet those

requirements. , , } ‘ , ‘ S

4. The process of ongoing imprbvement must be
incozporated socratiﬂally As a middle manaqer with
experience in downwatd directed management applicatlons,

they are often used only for reporting purposes. Unless the

'manager believes in the management philosophy, new

'appioaches,are doomed.



5. Ore middle manager in an Nperations Branch believes
this approach "has potential to work" but the problem is
‘ gétting upper management to agree (16). This is a similar
cbmplaint heard in many organizations attemptfng to

implement a process of ongoing improvement (12).

Copclusions
| 1. CE has three effect-cause-effect death spirals
. which decrease customer satisfaction. Customer satisfaction
cannot be increased until these death spirals are
‘eliminated.

2. In order to eliminate the death spirals, the local
pgrfoxmance measures must be in line with the organizatlon's
goal.

3. Customer satisfaction will only improve by
increasing the throughput of CE. ‘

4. Using the Five Steps of Focusing on the work oxder

éystem is the only way to improve customer service without

spending more money.

'5; Establishing a procéss3of ongoing improvement must -

Be implemented with the Socratic method. When the people in
an srganization decide for themselves that a change is
needed it will occur much mcre quickyy than when it 'is

directed.
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1."Perform an in-depth stuay in zanjunation -ich
senlor CE management to defire a measuralle goal and & unit
oL performance measurement for CE. |
2. There are six éompetitiye'edges resultant from
lewering invertory in an organization: Reduced timé for
éngineering improvemgnts to reach customers, improved
~suallity, ihcreased prxofit margin, feduced Investment per
unit of throughput, improved due date performance, and
reduced gucted lead times (6:36). What equivalent
zdvantages are éresent for CE by reducing inveatory of
material and paperwork?
3. Apply ToC to the Enéineerlng Branch.
4. Devglop an 1ndepth'implementa£ion plan that
" includes a lesson plan and scheduies for the seminars and,

workshopS»destzibedvin'Chapter VI.
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Appendix A. Bffect-Cause-Effect Diagram
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Wang VS Inteqrated Editor - Version 7.02.23

. ) Input File is MWCNSUM in Library IMKSRC44 on Volume OL
' 000100 IDENTIFICATION DIVISION.
000200 PROGRAM-ID. MWCNSUM,
000300 ENUVIRONMENT DIVISION.
* 000400 INPUT-QUTPUT SECTION.
000500 FILE-CONTROL.
000600 COPY IVAR IN IL1XXSEL.
000700 COPY MWOA IN MWOXSEL.
000800 COPY MWCN IN MWOXSEL.
000%00 -~ COPY MIWH IN MIWPSEL.
001000 COPY PRT IN USAFSEL. )
001100 SELECT WORKFILE ASSIGN TO "WORKFILE™, "DISK", NODISPLAY,
201:"0 ORGANIZATION 1S 1INDEXED
0012 ™ RECORD KEY IS WORK-KEY
00148 RCCESS IS DYNAMIC.
00150L OARTA DIVISION.
001600 FILE SECTION.
001700 © COPY IVAR 1IN IIXXFD.
001800 COPY MWOAR 1IN MWOXHD .
001900 COPY MWCN IN MWOXFD .
002000 COPY PRT IN' USAFED.
002100 COPY MIWH IN MIWPFD,
002200 FD WORKFILE
002300 RECORD CONTAINS 0028 COMPRESSED CHARA.TERS
002800 LABEL RECORDS ARE STANDARD
002500 VALUE OF FILENAME IS "WORKFILE®
002600 LIBRARY 1S “#21BIWORK"
002700 VOLUME IS IPL-VOLUME
02800 SPACE 1S WORY=-SPACE .
002900 01 WORK-RECORD. . '
003000 03 WORK-KEY . :
003100 05 WORK~CTL~INSTL PIC X(0&).
003200 05 WORK~-ZTL-CNTR PIC X(O01).
003300 05 WORK=SHOP PIC X(03).
003400 03 WORK-MRS P1C 9(08)Vv9.
003500 03 WORK-COUNT PIC 9(06).
003600 WORKING-STORAGE SECTION. . )
003700 01 EXTRACT-INFORMATION. o
003800 03 EXTRACT-1PL-VOL PI1C XX VALUE "XU*,
003900 03 IPL-VOLUME PIC x(068) VALUE SPACES.
004000 0! WORK-SPACE ' P1C 9(06) . VALUE 128.
004100 , 01 DATEIN . PIC 9(06) VALUE 0 .
004200 . 01 TEMP-[WP S0 P1C 9(oB)YVY - VALUE 0 .
004300 0! MIWH=-FILENAME PIC x(08) ' VALUE "MIWH".
‘ 004400 * .
004500 Ol . T-LINEY.- '
004600 03 FILLER ) P1C X(0s) VALUE “Datse:".
004700 03 RPT-DATE . PIC 99/99/799. .
. 004800 03 FILLER PIC X(60). VALUE
004900 * Non-completed Work Order Hours by Shop”.
005000 . »
005100 01 T-LINE2. ,
005200 03 FILLER PIC X(06) VALUE “Shop".
005300 .03 - FILLER PIC X(15) VALUE :
005400 *  Lasbor Hours “. .
. 005500 03 FILLER i PIC X(10) _ VALYE
005600 ' * # of WOsS™.
005700 03 FILLER ?IC X(18) VALUE

Appendix B: Accumulated Work Order Hour Prugram.

9:39 08/05/91
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1

ZMK10703
IMK10805
ZMK10703
IMK10703
ZMK10703
Mx 10703
ZMK10703
IMK10703
IMK10703
IMK10703
IMX10703
IMK10703
ZMK10703
IMK 10703
ZMK10703

. IMK10703

2MK10703
7MK10703
ZMK10703
IMKX10703
ZMK10703
MK 10703
ZMX10711
IMK10703
ZMK10703
MK 10703
7MK10703
IMK10703
ZMK10703
ZMK10703

IMK10703

IMK10703
ZMX10703
ZMK10703
ZMK10703
IMK10703
ZMK10703
ZMX 10703
IMK10703
IMK10703
IMK10703
ZMK 10703
IMK10703
ZMK10703
IMK10703
IMK10703
ZMK10703
ImMK10703

. IMX 10703
© IMK10703

IMK 10703
MK 10703
MK 10703
1MK 10703
ZMK 10703
IMK 10703
ZMK107083




Wang VS Integrated Editor - Version 7.02.23 9:39 08/05/91 Page
Input File is MWCNSUM in Library IMKSRCA& on Volume OL

005800 * Direct Hrs*®.

005900 )

006000 O1 D-LINEL. o
006100 03 FILLER P1C X(01) VALUE SPACES.
006200 03 D-CTR P1C X(03).

006300 03 FILLER PIC r(02) VALUE SPACES.
006400 03 D-LAB PIC 24.442.229.9- .

006500 03 FILLER PIC X(03) VALUE SPACES.
006600 03 D-COUNT PIC 221229 .

006700 03 FILLER PIC X(03) VALUE SPACES.
G03800 03 D-IwP PIC 22.222,229.9~ .

006900

007000 01 D-LINEZ2.

007100 03 FILLER PIC Xx(22) VALUE

007200 *Work Order file used: *.

007300 03 WO-FILE . PIC x(08).

007400

007500 01 D=-LINE].

007600 03 FILLER PIC X(22) VALUE

007700 “Shop file used: ™.

007800 03 SHOP-FILE P1C X(08).

007900 . '

008000 01 D-LINES, ) '

008100 03 FILLER PIC X(22) VALUE

008200 "MIWH Month/Yr: *,

008300 03 MONTH-YR PIC X(O04).

008400

008500 PROCEDURE DIVISION.
008600 O0)1-START-CODE.

008700 COPY IVARREAD IN I1XXCOPY.
008800 MOVE "MWCNQQA@R" TO LVAP-MWCN-F LLENAME.
008900 MOVE "MWORQQER" TO IVAR-WO-FILENAME.
009000 OPEN SHARED MWCN MWOA MIWH.
009100 OPEN OUTPUT PRT WORKFILE.
009200 CLOSE WORKFILE.
009300 OPEN SHARED WORKFILE.
009400 MOVE TUAR-MWCN-FILENAME TO SHOP-<ILE.
009500 MOVE iVAR-WO-FILENAME  TO WO-FILE.
009600 ACCEPT MIWH-MONTH-YEAR.
009700 MOVE MIWH-MONTH-YEAR  TO MONTH-YR,
909800 PEREORM £0-STARL THRU 50-READ-END.
010000 CLOSE MWOA MWCN uoanfo: PRT MIWN.
010100 STOP RUN.
010200
010300 * SO-START. .
010400 MOVE SPACES TO MWOR-JOB-KEY.
010500 START MWCA KEY NOT ¢ MWOA-JOB-KEY INVALID KEY
010600 . GO TO $O-READ-END.
010700 50-READ.
010800 READ MWOA NEXT AT END
010900 GO TO SO-READ-END.
011000 IF (MWOA-WOIND NOT = “A® AND NOY = "W”) OR
011100 MWOR=WCM-STAT = “C* OR MWOA-ACTCMOT > 810101
011200 GO TO $0-READ.
011300 PERFORM 100-START THRU 100-READ-END .
011400 GO TO S0-READ. .

IMK10703
IMK10703
IMX 10703
IMK10703
IMK10703
ZMK10703
IMK 10703
IMK10703
IMK10703
IMK10703
IMK10703
ZMK10703
IMK 10703
ZMK10703
IMK 10703
IMK10703
IMK10703
IMK10703
MK 10703
IMK10703
IMx 10703
ZMK11703
MK 10703
ZMK10703
ZMK 10703
IMK 10703
IMK10703
ZMK10703
IMK10703
IMK10703
ZMK10703
IMK10703

- IMK10711

IMK10703
MK 10703
IMK10703
MK 10703
IMK10703
IMX10703
IMK10703

Inx16783

IMK10711)
IMK10703

IMK10703°

IMK10703
IMK 10703
ZMX10703
rK10703
ImMx 107083
Imx 10703
IMK10703
IMK10703
IMK10703
MK 10703
IMK10711
MK 10703




Wang VS Jriegrated Editor - Version 7.02.23

9:39 08/05/91 Page
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011500
011600
011700
011800
011900
012000
012100
012200
. 012300
012400
012500
012600
012700
012000
012900
013000
013100
013200
013300
013800
013500
013600
013700
013800
013900
014000
014100
014200
014300
014400
014500
014600
014700
014200
014500
015000
015100
015200
015300
015400
015500
015600
015700
015800
015900
016000
016100

016200

016300
016400
016500
016600
C16700
016800
016900
017000
017100

50-READ-END. EXIT.

100-START.
MOVE SPACES TO MWCN-CTL-DATA,
MOVE MWOA-JOB-KEY TO MWCN-WORK-ORDER.
START MWCN KEY NOT « MWCN-CTL-DATA 1NVALID KEY
GO TO )O00-READ-END.
100~READ. .
READ MWCN NEXT AT END
GO TO 100-READ-END.
IF MWCN-WORK-ORDER NOT = HHOQ-JO!—KEY
GO TO JOO-READ-END.
PERFORM 1]10-SHOP THRU llO-SHOP—END
GO TO 100~READ.
100-READ-END. EXIT.

110-SHOP.
MOVE MWCN-SHOP TO WORK-SHOP.
MOVE MWCN-CTL-INSTL TO WORK-CTL-INSTL
MOVE MWCN-CI1L-CNIR TO WORK-CTL-CNTR
READ WORKFILE HOLD INUALID KEY
PERFORM 120-WR1TE
GO TO 110-SHOP-END.
ARDD 1 TO WORK-COUNT.
if MWCN-TOT-NRS < MWCN-EST-HRS
COMPUTE WORK-HRS = WORK-HRS
+ (MWCN-EST-HRS =~ HNCN-TOT-HRS)
REWRITE WORK-RECORD,
110-SHOP-END. EXIT,

120-WRITE. )
MOVE 1 TO WORK-COUNT.
IF MWCN-TOT-HRS < MWCN-EST-HRS
e COMPUTE WORK-HRS = MWCN-EST-HRS = FNCN-TOT-NRS
LSE
MOVE 2EROES TO WORK-HRS.
WRITE WORK~RECORD.

200-PRINT. '
ACCEPT DATEIN FROM DATE.
MOVE DATEIN TO RPT-DATE.
WRITE PRT-RECORD FROM T-LINE1 AFTER ADVANCING PAGE.
WRITE PRT-RECORD FROM T-LINE2 AFTER ADVANCING 2.
PERFORM 300-START THRU 300-READ-END.
WRITE PRT-RECORD FROM D-LINE2 AFTER ADUGNCING 2. !
WRITE PRT-RECORD FRUM D-LINE3 AFTER ADVANCING 1.
WRITE PRT~RECORD FROM D-LINE4 AFTER ADVANCING 1.

300-START.
MOVE SPACES TO WORK-KEY.
START WORKFILE KEY NOT ¢ WORK-KEY INUALID KEY'
: GO TO 300-READ-END.
300-READ.

READ' WORKFILE NEXT AT END
GO TO 300-READ~END.
MOUE WORK-SHOP TO D-CTR.
MOVE WORK=HRS TO D-LAS.

89

IMK10703
MK 10703
IMK10703
IMK10703
IMX 10703
IMK10703
IMK10703
IMX10703
IMK10703
Imx10703
IMK10703

'IMK10703

ZMK10703
IMK 10703
IMK10703
IMK10703
IMK10703
IMK10703
IMK 10703
IMK10703
MK 10711
IMK10703
IMK 10703
IMK10703
IMK10703
IMK10703
IMK 10703
IMK10703
IMK10703

IMK 10703

IMK10703
1MK10703
IMK10703
IMK10703
2MK10703
MK 10703
IMK10703

- 2mK10703

IMK10703
ZMX10703
ZMK10703
IMX10703
MK 10703
ZMK10703
ZMK10703
ZMK10703
2MK10703
MK 10703

2MK10703

IMK 10703

. IMK10703

IMK10703
IMK10703
IMx 10703
IMK 10703
IMx10703
IMK 10703
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017200 °  MOUVE WORK-COUNT TO D-COUNT.
017300 PERFORM 310-READ-MIWH.

017400 WRITE PRT-RECORD FROM D-LINE1 AFTER ADVANCING 1.
017500 GO TO 300-READ. ’ _
017600 300-READ-END. EXIT.

017700

017800 310-READ-MINH.

017900 MOVE WORK-SHOP TO MINH-SHOP .

018000 MOVE WORK-CTL-INSIL TO MIWH-CIL-INST .
018100 MOUE WORK-CTL-CNTR  TO MIWH-CTL-CTR .
018200 READ MIWH INVALID KEY . :

018300 MOVE SPACES TO MIWH-CTL-INST.

018400 IF MIWH-CTL-INST NOT = SPACES

018500 ADD MIWH-LUC-11

018600 MIWN-LUC-12

018700 MIWH-LUC-14

'018800 -  MIWH-LUC-15

018900 MIWH-LUC-15-1

019000 MIWH-LUC-16

019100 . MIWH-LUC-18

019200 MIWH-LUC-19

019300 MIWH-LUC-20 GIVING TEMP-IWP

019400 ELSE MOVE 2EROES TO TLMP-IWP.

019500 MOVE TEMP-IWP TO D-IWP.
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IMK10703
IMK10703
IMK10703
ZMK10703
IMK10703
ZMK 10703
IFK10703
IMK 10703
1'1K10703
IMK10703

" IMK10703

IMK10703
IMK10703
IMK10703
IMK10703
IMK10703
IMK10703

- 1MK10703

IMK10703
ZMK10703
IMK10703
IMK10703
IMK10703
ZMK10703
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